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STUDIES IN THE GLUCOSE TOLERANCE TEST IN STH- 
TREATED RATS DURING PREGNANCY 


by 
TAPANI LUUKKAINEN, JAAKKO PISPA and JORMA RASANEN 


(Received for publication September 30, 1957) 


In our earlier study we demonstrated that a dose of STH sufficient 
to produce a rise in the birth weight of rats and a change in the 
weight of organs of the mother had no effect on the latter’s fasting 
blood sugar value. However, it was not possible to find the mecha- 
nism by which this increase in the weight of the litter occurs (6). 

In humans, the high birth weight of the children of diabetic 
mothers is ascribed to the hyperglycemia of the mother (7). No 
hyperglycemia but only a transitorily low glucose tolerance is 
frequently observed in prediabetic mothers who give birth to 
children with a high birth weight (3, 5). It was therefore considered 
possible that although STH may not produce manifest hyper- 
glycemia in the rat, it might produce a latent diabetic condition 
which would be demonstrated in glucose tolerance tests. We there- 
fore carried out glucose tolerance tests with pregnant and non- 
pregnant rats that had been treated with STH and the results 
were compared with those of similar control rats. 


MATERIAL AND METHODS 


We used 40 uncopulated female rats of the Wistar strain, aged 
5 months. The STH preparation used was »Somacton» (Ferring AB, 
Malm6é, Sweden), which was given in an intramuscular dose of 
30 tibia units daily to 11 pregnant and 9 non-pregnant rats. This 


1 — Ann. Med. Exper. Fenn. Vol. 36. Fasc. 1. 
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dosage had been used in the previous study in which the litter 
weight was found to be increased by STH (6). The administration 
of the hormone was begun 5—7 days before fertilisation. The 
controls were 14 pregnant and 6 non-pregnant rats. 

The glucose tolerance tests were carried out during the 5—7, 
12—14 and 19—21 days of gestation. After fasting overnight: the 
rats received 3.125 g of glucose per kg of body weight in a 10 
percent solution given by stomach tube. For the blood sugar 
determinations 0.1 ml of blood was drawn from the cut tail at 
0, %, 1, 2, 3 and 4 hours after the administration of glucose. The 
Folin & Wu-Somogyi-Nelson micro method (2) was used for the 
determination. 


RESULTS AND DISCUSSION 


The results of the glucose tolerance tests are presented in 
graphs 1—3 and are expressed as percentages of change in the 
blood sugar values as compared to the fasting values. 

In the tests made at the beginning of pregnancy (graph 1) 
the results were dispersed over a wide range and no statistically 
significant changes were therefore observed between the four 
groups of animals. 


—— of Blood Sugar, percent : 7 ee 














=a 2s = toe te SS Ue LT lS 
ours 
oo B Fig. 1. — Glucose tolerance tests made at the beginning 
(graph 1), in the middle (graph 2) and at the end (graph 3) 

—¢ of pregnancy. The results are expressed as percentages of 
Be tnaeed D change in the blood sugar values as compared to the fasting 


values. A = STH-treated pregnant rats, B = STH-treated 
non-pregnant rats, C = untreated pregnant rats, and D = un- 
treated non-pregnant rats. 
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At about the middle of the pregnancy (graph 2) differences 
were more Clearly evident. The tolerance curve of the STH-treated 
pregnant rats was considerably lower than that of the correspond- 
ing control group and there was a definitely negative peak. This 
difference was significant at the level of P < 0.025. A similar 
type of curve has been seen in patients with Addison’s disease due 
to the retarded absorption of glucose in the intestine (9). The 
administration of cortisone produces the opposite effect on the 
glucose tolerance curve (5). It does not appear impossible that 
STH-treated rats may suffer from a relative adrenal cortical in- 
sufficiency during pregnancy. As is well known, STH is in many 
ways an antagonist to ACTH (4, 8). 

At the end of gestation the difference between the STH-treated 
pregnant rats and pregnant control rats was no longer observable 
(graph 3), since the blood sugar level of the non-treated pregnant 
rats also fell to the negative side, below their fasting blood sugar 
value. A somewhat similar effect was seen in non-pregnant STH- 
treated rats 3 hours after the ingestion of glucose, but the differ- 
ence in comparison to the control group was not significant (P< 0.2). 
A change in the glucose tolerance curve comparable to that in 
the curve of the pregnant control rats is observable in humans 
during the last trimester of pregnancy (1). 


SUMMARY 


Rats treated daily with STH were subjected to a glucose 
tolerance test during the 5—7, 12—14 and 19—21 days of gestation. 

During about the middle of the pregnancy the glucose tolerance 
value of the STH-treated pregnant rats dropped below their fasting 
value already 3 hours after the ingestion of glucose. A similar effect 
was not seen in the non-treated pregnant rats. 
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DERIVATIVES! 


A HISTOCHEMICAL STUDY 


by 
ANTTI TELKKA and A. N. KUUSISTO 


(Received for publication October 16, 1957) 


The diuretics used in practice are mainly organomercurials, 
for parenteral or oral application, or, in lesser degree, orally 
administrable sulphonamide derivatives. According to the current 
concept the former ones act by interrupting sodium reabsorp- 
tion in the renal tubule. This action is apparently due to the 
affinity of the organic molecules for the enzyme succinic dehydro- 
genase in the tubular cells. The organomercurials combine with this 
sulphydryl-containing enzyme and block its action in the redox 
pump mechanism, thus resulting in an increased excretion of water 
and sodium (2, 7—9, 11, 16, 17). The sulphonamides inhibit the 
enzyme carbonic anhydrase, which catalyzes the formation of 
carbonic acid from carbon dioxide and water. This inhibition is 
followed by metabolic acidosis and, finally, an increased excretion 
of sodium (6, 12). 

Lipschitz and Hadidian (5) presented a new group of sub- 
stances, which have marked diuretic effect and a common structural 
feature N-C-N in their molecule. The mode of diuretic action 
of these triazin derivatives is not clearly understood. The indirect 


1 Aided by a grant from The Sigrid Jusélius Foundation. 
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evidence gained on renal clearance studies indicates that these 
compounds affect the renal tubules by depressing the reabsorption 
of water and sodium (14). | 

The purpose of the present investigation was with histochemical 
techniques to localize the site or sites of the renal activity of a triazin 
derivative, »Orpidan»,? in the rat kidney. Some information on the 
mode of renal action of this compound was also expected. 


MATERIAL AND METHODS 


Male albino rats of the Sprague-Dawley strain, weighing about 
200 g, were used. The groups of four animals received »Orpidan» 
in doses of 10 mg/kg, 15 mg/kg, 20 mg/kg and 30 mg/kg of body 
weight. The drug was administered as an aqueous suspension by 
intubation into the stomach. Sixteen littermates of the experimental 
animals served as untreated controls. After 24 hours the 
experimental animals with their respective control rats were killed 
by decapitation and bled. Immediately after decapitation pieces 
from the kidney were removed and frozen. They were sectioned 
simultaneously with the corresponding control specimen with a 
freezing microtome at 30 microns. The sections were dipped directly 
from the cooled knife into their respective incubation vials kept at 
a constant temperature of 38° C. The incubation mixture for 
succinic dehydrogenase was prepared according to Seligman and 
Rutenburg (13) using neotetrazolium chloride as hydrogen acceptor. 
The incubation time was 20 minutes. Another series of kidney 
sections was treated for the histochemical demonstration of carbonic 
anhydrase following the modification of Braun-Falco and 
Rathjens (1) from the method originally described by Kurata (4). 
Formalin-fixed paraffin sections were stained with hematoxylin- 
eosin for routine histological control. 


RESULTS 


The experimental rats tolerated well the doses used. Their 
behaviour during the experimental period was similar to that 
of control animals. The autopsy did not reveal any alterations 


1 »Orpidan» or N-p-chlorphenyl-2,4-diamino-s-triazin hydrochloride was 
kindly supplied by Messrs. L. Heumann & Co, Nuremberg, Germany. 
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Fig. 1. — Succinic dehydrogenase activity in the kidney of a control rat, 
About 100 x. 


in the internal organs. The size and colour of the kidneys were 
normal. 

Succinic Dehydrogenase Activity. — The control sections showed 
that succinic dehydrogenase is most active in the initial portion of 
the proximal convoluted tubule, *n the ascending limbs of Henle’s 
loop and, *n somewhat lesser degree, in the distal convoluted 
tubules. The kidney sections of the rats, which had received 
»Orpidan» in the dose of 10 mg/kg of body weight, showed alterations 
in the enzymatic activity as estimated from the staining intensity 
of the sections. The inner cortex which is primarily made up of 
terminal portions of proximal convoluted tubules lost some of its 
activity. The inhibition of this portion was more clearly seen in the 
kidney sections of rats, which were treated with the doses of 
15 mg/kg and 20 mg/kg of body weight. These doses, as well the dose 
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Fig. 2. —- Succinic dehydrogenase activity in rat kidney 24 hours after 
administration of »Orpidan» in a dose of 15 mg/kg. 


of 30 mg/kg of body weight, caused a moderate inhibition also 
in the other portions of the nephron, the principal site of inhibition 
being, however, the terminal portion of the proximal convoluted 
tubule (Figs. 1 and 2). 

The in vitro effect of »Orpidan» on the succinic dehydro- 
genase was investigated by saturating the incubation mixture 
with this drug. In this mixture the frozen kidney sections lost 
greatly of their activity. 

Carbonic Anhydrase Activity. — The kidney sections, both 
controls and those treated with .»Orpidan», remained completely 
unstained. 

Hematoxylin-eosin Sections. — The doses of 10 to 20 mg/kg 
of body weight did not affect the normal histological picture of 
the kidney. In the kidney sections of the rats, which had received 
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Fig. 3. —- The kidney of a rat 24 hours after administration of »Orpidan» in 
a dose of 30 mg/kg. Acidophilic casts in the tubules. Hematoxylin-eosin. 
About 350 x. 


30 mg/kg of body weight, acidophilic casts in the tubuli, hyperemic 
areas and somewhat engorged tubular cells could been observed 
(Fig. 3). 


DISCUSSION 


According to the results of the present study a triazin derivative, 
»Orpidan», depressed clearly the histochemically demonstrable 
succinic dehydrogenase in the rat kidney tubules. Regarding the 
site of action, this observation is in agreement with the earlier 
assumptions made on on the basis of clearance tests (3, 14, 15). 
The inhibition of the enzyme was most pronounced in the terminal 
portions of proximal convoluted tubules. For evaluation of this 
finding we must consider the functions of the proximal and distal 
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convoluted tubule. In the proximal segment, about 80 per cent 
of filtered water is reabsorbed by a passive process. This reabsorption 
is balanced by the simultaneous reabsorption of a corresponding 
amount of sodium and other electrolytes. Unlike water reabsorption, 
this reabsorption of sodium is necessarily an active process, needing 
energy, since the tubule may reabsorb sodium against a 
concentration gradient. In the distal convoluted tubule the circum- 
stances are opposite. Here the water is reabsorbed against an osmotic 
gradient, actively, and the reabsorption of water is accompanied 
by an equivalent passive reabsorption of sodium (9). Succinic 
dehydrogenase is a link in tricarboxylic acid cycle of Krebs, and 
is probably involved in the production of energy for reabsorption 
processes. Since the first and most pronounced inhibition of succinic 
dehydrogenase was observed at the site, where sodium is reabsorbed 
by active, energy-needing process, we can assume that the primary 
event in triazin diuresis is a decreased reabsorption and an in- 
creased excretion of sodium. The inhibition pattern of succinic 
dehydrogenase obtained by administration of triazin resembles 
that of some organomercurials (8). 

The attempts to demonstrate the other enzyme, which is in- 
volved in the formation of urine, carbonic anhydrase, did not 
succeed. In our earlier experiments, when the method of Kurata (4) 
was employed, we were unable to demonstrate this enzyme in 
mouse kidney. Wachstein (18) says that he has also been un- 
successful in reproducing the technique of Kurata. According to 
Pearse (10), the histochemical method for carbonic anhydrase 
is applicable when the kidney of guinea-pig is studied, as has been 
shown by Braun-Falco and Rathjens (1), whereas the method is 
not suitable in the rat kidney. Whether this is due to the poor 
reliability of the method or to the differences between the activity 
of the enzyme between the various species, cannot be stated. 


SUMMARY 


The mechanism of the diuretic action of a triazin derivative is 
studied employing the histochemical technique for the demon- 
stration of succinic dehydrogenase and that for carbonic anhydrase. 
The doses of 10, 15, 20 and 30 mg/kg of body weight resulted in an 
inhibition of succinic dehydrogenase activity in the terminal portions 
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of the proximal convoluted tubules of the rat kidney. According 
to the assumption made on the basis of the present results, the 
primary event in the triazin diuresis is a decreased reabsorption 
and an increased excretion of sodium. The attempts to demonstrate 
the carbonic anhydrase activity in the rat kidney did not succeed 
with the method employed. 
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by 
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(Received for publication November 16, 1957) 


Wiesel (1) has shown that isonicotinic acid hydrazide strongly 
inhibits the inactivation of cortisone by liver slices. It has also been 
clinically observed that cortisone and isonicotinic acid hydrazide 
have synergistic effects when given in combination to patients 
with rheumatoid arthritis (2). On the basis of these observations 
the writers have studied the question as to what extent the anti- 
inflammatory effect of isonicotinic acid hydrazide (INH)-prednisone 
combination differs from the established anti-inflammatory effect 
of prednisone and as to what amount such qualities are present in 
INH alone. 


MATERIAL AND METHODS 


The series consisted of 162 white mice, weighing 25—30 g. 
Aseptic inflammation was artifically introduced in their ear lobes 
by external application of alcoholic suspension of croton oil (3). 
After an hour the lobe was clearly erythematous. 200 mg/kg of 
trypan blue was then administered intraperitoneally, and the inter- 
val between this and the appearance of the color in the inflammated 
ear was determined. 

The substances under study were administered in . water 
suspension into the stomach direct through the stomach tube 3 
hours before the administration of trypan blue. The controls were 
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similarly given water. To eliminate the subjective factors, the cages 
were mixed up before determining blue’s appearance time and it was 
ascertained only afterwards to which series each cage belonged. _ 


RESULTS 


The results are shown in Table 1. 


TABLE 1 
EFFECT OF PREDNISONE, COMBINATION OF PREDNISONE AND _ ISONICOTINIC 
ACID HYDRAZIDE, AND ISONICOTINIC ACID HYDRAZIDE ALONE ON THE CROTON- 
OIL INFLAMMATION IN THE EAR OF MOUSE 

















Time (min) before the Intraperitone- 
ally Administered Trypan Blue 
No. of Appeared in the Inflamed Ear 
Treatment Ae 
Animals Standard 
Standard 
Mean Deviation Error of 
the Mean 
Prednisone 0.50 mg/kg .. 10 88.9 13.4 4.5 
Prednisone 0.24 mg/kg .. 15 23.9 6.2 1.6 
Prednisone 0.12 mg/kg .. 53 19.8 6.6 0.9 
Prednisone 0.24 mg/kg + 
INH 40 mg/kg ...... 15 41.3 13.9 3.6 
Prednisone 0.12 mg/kg + 
IN 40 mgjkg ...... 27 22.5 6.5 1.2 
DINGY 40 MBIKE ...2(e3s%s 15 27.5 7.0 1.8 
BU ce pthc eae d 27, | 18.1 6.6 1.3 




















It is seen in the table that a prednisone dose of 0.12 mg/kg 
was not capable. of significantly extending the time up to the 
appearance of the blue in the lobe. Whereas a dose of 0.24 mg/kg 
prolonged the time in all probability (difference 5.8 + 2.1) and 
the prolongatory effect of 0.50 mg/kg was quite definite (dif. 
70.8 + 4.6). A statistically significant prolongation of the interval 
was also brought about by INH alone (dif. between the controls: 
9.4 + 2.2). The effect of 40 mg/kg of INH and that of 0.24 mg/kg 
of prednisone were of the same magnitude (dif. 3.6 + 2.4). In 
combination the two doses definitely prolonged the interval (dif. 
23.8 + 3.8 between the controls), which prolongation was greater 
than the algebraic sum of their individual effects would have been 
(the total of individual effects would have been a deviation of 
15.2 from the controls). Combining INH with a prednisone dose 














14 J. L. KALLIOMAKI, T. 0. KEYRILAINEN, AND T. K. MARKKANEN 


that had no prolongatory effect on the interval, resulted in an 
effect that was of the same magnitude as that caused by INH 
alone. 


SUMMARY 


INH alone commands an anti-inflammatory effect on the 
inflammation brought artifically about by croton oil in the ears 
of mice. In this connection the effect of INH and prednisone is 
rendered synergistic on the condition that the prednisone dose 
included in the combination is of such quantity as it is individually 
capable of inhibiting the inflammation to some extent. A combi- 
nation of INH with a »subtherapeutic» dose of prednisone resulted 
in no anti-inflammatoric synergism in the present series. 
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Cortisone-like adrenal cortical hormones inhibit endochondral, 
endosteal and membranous bone formation; they have no effect 
on the serum total calcium level, and their effect on the serum 
inorganic phosphorus level can be increasing or decreasing (1). 
From the decreased bone formation resulted osteoporosis, induced 
by cortisone-like hormones, is generally supposed to base on their 
antianabolic effects. 

The role of the parathyroid glands in the bone formation is 
well known. Experimentally, crude anterior pituitary extracts, 
adrenocorticotrophic hormone, and adrenal steroids cause hyper- 
plasia in the parathyroid glands (7). We have not. found reports 
on the relationships between the bone and parathyroid effects of 
cortisone-like hormones. In our study we have strived to get infor- 
mations about the effects of prednisone on the function of the 
parathyroid glands in man. 


METHODS 


The parathyroid function can be estimated through measure- 
ment of the percentage of phosphate filtered by the glomeruli 
which is reabsorbed by the renal tubules (3). The reliability of 
this test has been verifyed by many authors (6, 5, 4, 2). In our 
study the per cent renal phosphate reabsorption has been estimated 
according to the modification of Nordin and Fraser (4). The formula 
of calculations has been presented in Table 1. 
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Our material consists of 15 adult subjects (8 males, 7 females) 
without renal diseases. Prednisone was administered on four days 
(40 mg daily). Per cent tubular reabsorption of phosphate (%,TRP)} 
was estimated before prednisone administration and on the fourth 
day during it. 


RESULTS 


The results are presented in Table 1. 





























TABLE 1 
TUBULAR REABSORPTION OF PHOSPHATE BEFORE AND DURING PREDNISONE 
THERAPY 
°° TRP 
Subject Before Prednisone On the 4th Day during 
Therapy Prednisone Therapy 
1 85.7 86.9 
2 90.3 86.9 
3 89.5 91.8 
4 92.2 93.8 
5 92.5 83.7 
6 82.8 93.6 
i 90.2 82.6 
8 86.4 94.4 
9 916 73.4 
10 90.8 85.5 
11 69.4 84.2 
12 74.6 83.5 
13 86.4 82.3 
14 87.9 85.5 
15 86.2 84.3 
x 86.4 86.1 
urine PO, x serum creatinine 
% TRP = | 1 — x 100 
urine creatinine x serum PO, 











According to Chambers ef al. (2) normal %TRP is 84.7 (range 
78—90). In hyperparathyroidism it was 65.0 (41—82), and in 
hypoparathyroidism 91.5 (79—99). From Table 1 we can see 
that the average % TRP in our material was normal and did not 
alter during the four day’s prednisone therapy. On the subjects 
n:o 11 and 12, whose %TRP values before prednisone therapy 
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were, perhaps, slightly subnormal, the values were normalized 
during prednisone days. 

On the basis of our material it could be concluded that a short 
term prednisone administration hardly has any effect on the 
parathyroid function tested by the estimation of the tubular reab- 
sorption of phosphate. 


SUMMARY 


The per cent tubular reabsorption of phosphate (a test for para- 
thyroid function) has been estimated on 15 adults men before 
prednisone administration and on the fourth day during predni- 
sone therapy (dose: 40 mg daily). The mean of tubular reabsorp- 
tion before prednisone was 86.4% and during prednisone therapy 
86.1%. 
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Nicloux and Placet (8) studied the distribution of intravenously 
administered methanol in rabbit tissues and found the greatest 
methanol concentration in the brain. They suggested that this 
was the reason for the special neurotoxicity of methanol. According 
to the experiments of Harger et al. (3, 4) and Yant and Schrenk (11) 
the distribution of methanol in the tissues is, like the distribution 
of ethanol, proportional to the water content of the tissue. 

Aithough numerous studies have been carried out concerning 
the elimination of ethanol from the organism, only few similar 
studies have been made with methanol. These experiments with 
dogs, rabbits and rats have given both exponential and linear 
curves for the elimination of methanol from the blood (2, 5, 7, 10). 
In the present paper some experiments are presented on the distri- 
bution of intraperitoneally administered methanol in different rat 
tissues, and on the elimination rate of methanol from these tissues. 


METHODS 


The experimental animals were 40 male white rats weighing 
200-—300 g. The diet during the experiments was the standard rat 


diet of this Department. 
Methanol was given intraperitoneally in a 20 per cent aqueous 
solution. All animals were given the same amount, 3 g of methanol 
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per kg body weight. The animals were killed in groups of 1—3 
rats after various time intervals. The tissues were ground in a 
Latapie mincer and in the last two series in a Biihler homogenizer 
and extracted with water. The determinations of methanol were 
made by the chromotropic acid method (5). 


RESULTS 


The results of a typical experimental series are presented in 
table 1. It is seen that the highest methanol concentration after 
TABLE 1 


THE DISTRIBUTION OF METHANOL IN RAT TISSUES AFTER INTRAPERITONEAL 
INJECTION OF 3 G PER KG! 





























Time after Injection, Hours 
Tissue 

6 12 18 24 30 36 42 
CL) are 2060 2160 1630 1000 1000 | - 660 380 
BAOOG 2256s 6% 3220 — 2190 2030 1220 880 810 
LES i fea mea 2690 2440 1500 1380 380 440 330 
Skeletal muscle} 2220 1880 1190 1030 780 880 660 
Co re 1410 1380 1000 690 250 310 = 
Radney 2... 2250 1910 1410 1380 960 720 530 














1 in ug per g 


intraperitoneal administration of 3 g of methanol per kg was found 
in the blood and the lowest in the lung tissue. The methanol con- 
centration in brain tissue was at first comparatively high but 
diminished more rapidly than in other tissues. The methanol 
concentrations in liver, muscle and kidney tissues were rather 
uniform. Similar results were found in the other three experimental 
series. 

In all the series the elimination rate of methanol from the 
different tissues was calculated assuming that the rate is constant 
in the time interval 6—36 hours. The results are presented in table 2. 
The highest elimination rate was found in brain tissue and the 
lowest in the skeletal muscle. When the animals were fasted during 
the experiment the dispersion of the values in different animals 
was smaller but there was no clear difference in the elimination 
rates between the fasted and nonfasted groups. 




















20 MARTTI KOIVUSALO, MARITA TORSTI AND RAUNO TORSTI 


TABLE 2 


THE ELIMINATION RATE OF METHANOL FROM DIFFERENT RAT TISSUES IN HG 
PER G PER MINUTE 




















Experimental Series 
Tissue cual 

. 1 2 3 41 
ar 0.88 0.88 1.07 
OIG coos aasns 0.87 1.10 1.25 1.15 
EPRPNIN aioe ieioseite tee 1.15 1.22 1.58 
Skeletal muscle... 0.67 0.78 
NOI Sco anae ieee 1.07 1.15 0.92 
[CUD eee 1.06 0.82 

















1 Fasted animals 


DISCUSSION 


The fixation of methanol in the brain tissue found by Nicloux 
and Placet (8) was not seen in our experiments. However, the 
elimination rate of methanol from the brain tissue was greater 
than that from the other tissues examined. 

The methanol concentration in the different rat tissues does 
not seem to follow so strictly the concentration of water as Harger 
et al. (3, 4) have shown to be the case with ethanol in dog tissues 
and methanol in human tissues. No clear correlation is found 
between our results and the water concentrations of different 
rat tissues as stated by Skelton (9). The methanol concentration 
in the blood was greater tan would be presumed on basis of its 
water content if we correlate it to liver, muscle or kidney tissues. 
The methanol concentration in lung tissue, on the other hand, 
was too low on the same basis. 

In studying the distribution of methanol in different tissues 
in two dogs Lund (6) also found the highest methanol concentra- 
tion in the blood. The methanol concentration in brain tissue was 
at first high and later low when compared to other tissues, as was 
also the case in our experiments. 

The methanol elimination curves found in the present experi- 
ment were nearly linear and thus conformed with those of Wid- 
mark et al. (7, 10). Bartlett (1) found in his isotope experiments that 
methanol is metabolized to carbon dioxide at a constant rate of 
25 mg per kg per hour. In our experiments the elimination rate 
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of methanol was 50—95 mg per kg per hour. A part of methanol, 
about 40—-50 per cent of the whole elimination, is eliminated in the 
respiratory air and in the urine or fixed in the tissues, which in 
part may account for our higher figures as compared to those of 
Bartlett (1). 


SUMMARY 


Methanol was administered intraperitoneally to rats and the 
methanol concentrations in the blood and in the liver, brain, — 
kidney and skeletal muscle tissue were determined at various 
time intervals. 

The highest methanol concentration was found in the blood, 
the lowest in lung tissue. The methanol concentrations in the liver, 
kidney and brain tissues were intermediate values of equal magnitude. 

Methanol was eliminated from the tissues at a nearly constant 
rate. The elimination rate of methanol was higher from the brain 
than from the other tissues and lowest from skeletal muscle. 
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The animal organism is capable of oxidizing methanol to 
carbon dioxide and water. Formaldehyde and formic acid are 
known intermediates in these reactions (5). The excretion of formic 
acid in the urine is greatly increased after the intake of methanol 
and its determination has been used as an aid in the diagnosis of 
methanol poisoning in man (8, 3, 2). Simultaneous administration 
of ethanol retards the elimination of methanol presumably by 
inhibiting its oxidation (1, 5). The excretion of formic acid in the 
urine after the intake of methanol and ethanol is smaller than after 
methanol alone (2, 5). According to the studies of Asser (2) with 
dogs, the simultaneous administration of acetone will also diminish 
the increased excretion of formic acid in the urine after the intake 
of methanol. In this paper are presented some observations on 
the elimination rate of methanol from the blood of rabbits when 
acetone is administered simultaneously with methanol. 


METHODS 


The experimental animals were white rabbits weighing 2.5—4.0 kg. 
The diet during the experiments was oats and water. 

Methanol and acetone were administered to the rabbits by slow intra- 
venous infusion. Methanol was first given, followed by acetone, both diluted 
with physiological saline. The total volume was 10 


15 ml. Blood samples 
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were taken from the ear veins before the administration of methanol and 
acetone and then at one to eight hours’ intervals. 

The blood samples were analyzed for their methanol content using 
a photometric method based on the oxidation of methanol to formaldehyde 
by acid permanganate and on the subsequent determination of the formal- 
dehyde by the aid of the chromotropic acid reaction (5). It was confirmed 
by preliminary experiments that the presence of acetone did not affect 
the determination of methanol. 


‘RESULTS 


Typical examples of blood methanol elimination curves in these 
experiments are presented in fig. 1. It is seen from the curves that 
acetone retarded the elimination of methanol although the effect 
was not very marked. The retardation is most clearly seen when 
the blood methanol concentration is small. 
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The elimination rate of methanol from the blood is calculated 
from the elimination curves and the results are presented in 
table 1. It is seen that when the proportion of acetone to methanol 
is 1 : 1 or more the elimination rate of methanol is clearly diminished. 
When less acetone was used no effect was found. 


TABLE 1 
EFFECT OF ACETONE ON THE ELIMINATION RATE OF METHANOL FROM THE BLOOD 












































Rabbit Methanol Acetone Acetone a ye “ 
g/kg g/kg Methanol mg/ml/min. 
1 0.8 = 0.00047 
2 0.8 - 0.00053 
12 0.8 —-- — 0.00048 
3 0.8 0.4 1:2 0.00052 
5 0.8 0.4 1:2 0.00049 
6 0.8 0.8 | 0.00040 
13 0.8 0.8 se 0.00044 
8 0.8 12 3:2 0.00039 
9 0.4 0.8 2:1 0.00033 
10 0.4 1.2 2345 | 0.00028 
11 0.4 1.6 4:1 0.00030 
TABLE 2 
EFFECT OF ACETONE ON THE BLOOD METHANOL CONCENTRATION ONE HOUR 
AFTER TIE ADMINISTRATION OF ACETONE AND METHANOL AND ON THE ELI- 
MINATION TIME OF METHANOL } 
Acetone Blood Methanol Elimination 
‘Tate after 1 Hour Time 
mg/ml Hours 
0:1 1.083 37 
1:2 1.110 36 
1:1 1.135 49 
2:3 1.150 ol 

















1 Average values from the experiments in which 0.8 g/kg methanol was 


administered. 


In table 2 are presented the averages of blood methanol con- 





centrations one hour after the administration of methanol and 
acetone. It is seen that when more acetone was used the blood 
methanol concentrations were higher, apparently due to the 
retardation of elimination during the first hour. Also the time 
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until the blood was free from methanol was recorded and it is seen 
that the elimination time of 0.8 g methanol per kg increased from 
37 hours to 51 hours when 1.2 g/kg acetone is administered with it. 

Some experiments were also made where 0.8 or 1.2 g of acetone 
per kg was injected 16—20 hours after the administration of 
methanol. No retarding effect of acetone was noted in the blood 
methanol elimination curves. 


DISCUSSION 


The possible effects of acetone on the metabolism of methanol 
have lately gained interest in view of the newer investigations on 
the metabolism of acetone, which have shown that acetone methyl 
groups can form formate or a formate derivative in the metabolism. 
Small amounts of acetone have been repeatedly found to be utilized 
in the animal organism (4, 6, 7, 9—12). A major pathway of its 
metabolism is evidently via acetyl-CoA, which is produced by the 
carboxylation of acetone to acetoacetate or by the cleavage of 
acetone to acetate and formate. The formed acetate and formate 
can be used by the organism for all the reactions of »active acetate» 
and »active formate», including the synthesis of labile methyl groups 
and the transmethylation reactions. A part of acetone is also 
metabolized to a triose (11). 

According to earlier studies by Widmark (13) on the elimina- 
tion of acetone from the blood of rabbits, the elimination of acetone 
is proportional to its concentration in the blood and the elimina- 
tion of the amounts of acetone used in the present study should 
require the same or a longer time than the elimination of the 
used amounts of methanol. 

In the present experiments the administration of acetone 
retarded the elimination of methanol from the blood, but only 
when the proportion of acetone to methanol was 1 : 1 or more. This 
retardation was not so marked as that caused by ethanol in similar 
experiments (1, 5). This rather weak effect of acetone is apparently 
due to a general metabolic inhibition caused by the large amounts 
of acetone and not to any specific effect on the metabolism of 
methanol. The retarding effect of ethanol, on the other hand, 
has been shown to be most likely due to competitive inhibition 
of the methanol-oxidizing enzymes (5). 














26 MARTTI KOIVUSALO, REIJO LAUKKANEN AND ANTTI SAVOLAINEN 


SUMMARY 


The effect of acetone on the elimination of methanol from the 
blood has been studied in rabbits. Simultaneous intravenous 
administration of acetone retarded the elimination of methanol 
from the blood when the proportion of acetone to methanol was 
1:1 or more. This retardation was apparently due to a general 
metabolic inhibition and not to any specific effect of acetone on 
the metabolism of methanol. 
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I 


GROWTH BEHAVIOR OF HELA CELLS IN FRESH ACTIVE 
HUMAN SERUM AND IN INACTIVATED HUMAN SERUM 
by 


E. SAXEN and K. PENTTINEN 


It has been emphasized in many connections (1, 10) that in 
tissue cultures it is difficult to distinguish between different cell 
types, in particular if the cells have been cultivated for some length 
of time. Irrespective of their origin, the cells assume a more or less 
undifferentiated structure even after a relative short period of 
cultivation. The role of the growth medium in these events has 
attracted little interest, however (19). 

The effect of human serum on cultures of HeLa cells has been 
discussed in our earlier papers (18, 20). The individual variations 
were great and it was observed that all active fresh human sera, 
if used concentrated, caused a clumping of cells grown on a glass 
surface. In no sera was this observed after inactivation of the serum 
(30 minutes in a 55°C waterbath). When 30 per cent serum in Hanks’ 


* Aided by a Finnish State Grant and the Sigrid Jusélius Foundation. 
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solution was used for the cultivation, a clumping of cells occurred in 
about 1/5 of the sera studied. After one week’s storage in a + 4°C 
refrigerator the clumping of cells was very weak or not visible at 
all. Absorption with HeLa cells as well as absorption with zymosan 
and also the addition of trypsin and hyaluronidase had a very 
similar effect. It was concluded that fresh human serum might 
contain a factor or factors which prevent the HeLa cancer cells 
from growing in loose migratory structure. 

In the present study these earlier observations were confirmed. 
The effect of a heating temperature of 65°C was also studied and 
the behavior of HeLa cells was also investigated by Leighton’s 
sponge matrix method (10). 


CELLS ATTACHED TO GLASS SURFACE 


The cultivation media contained 30 per cent human serum in 
Hanks’ solution and nothing else. The inoculum size was about 
25,000 cells per test tube. 0.5 per cent trypsin was used to obtain 
the inocula, as mentioned earlier (18). The serum was inactivated 
in a 55°C and 65°C waterbath for half an hour and the fresh serum 
was placed in a 37°C water bath for the same time. The staining 
methods used were Feulgen nuclear reaction and Haematoxylin- 
eosin staining. 

In active serum the cells grow in dense compact colonies. The 
cells are small, generally rounded and variations in nuclear sizes 
are small. The cells are epithelial-like, but little cytoplasm is seen 
around the nucleus (fig. 1). 

In serum inactivated at 55°C the HeLa cells grow in loose, 
very open meshwork and the surface area they cover is thus much 
larger. The nuclei are large, often irregular in shape; exceptionally 
large nuclei are found. The cell borders are distinct, some of the 
cells are stretched but the general structure is epithelial-like (fig. 2). 

In serum inactivated at 65°C for half an hour, most of the HeLa 
cells are fibroblast-like. They are elongated or fusiform, the nuclei 
are often oval, but the nuclear polymorphism is great and the cells 
vary in size and shape. No typical epithelial-like areas are formed 
(fig. 3). 

The difference in nuclear sizes, as measured from stained smears 
after citric acid treatment and directly from stained cover slips, 
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igs. 1—3. —- Differences in growth behaviour of HeLa cells on glass surface 
in fresh active serum (fig. 1) and in serum inactivated at 55°C (fig. 2) and 
at 65°C (fig. 3). The clumping of cells is clearly visible in fig. 1, the loose 
migratory structure in fig. 2, and the »fibroblastic» cells in fig. 3(H & E, x 200). 


are shown in fig. 4. The images of nuclei were drawn on paper 
(magnification 1000 x) and the areas measured by planimeter. 
Distribution of nuclear sizes was very similar on stained smears 
after citric acid treatment and on stained cover slips. 

The morphological behavior of the cells is thus very much 
influenced by the medium in which they grow; in this case by the 
heat treatment of the serum. Individual variations do occur but 
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Fig. 4. — Distribution of nuclear sizes after two days’ growth in active serum 
and in inactivated sera. (This serum showed no clumping affect in 30 per cent 
concentration.) 


—————— measured after citric acid treatment of the cells. 
------- measured directly from stained cover slips. 


the differences are always distinct with the socalled clumping 
causing sera. However, no significant differences were noted 
in nuclear counts in short-term cultures by the citric acid method. 
The number of cells attached to the glass surface was smaller in 
the tubes where inactivated serum heated to 65°C was used and 
more of the cells were free in the culture media. 

HeLa cell lines growing in fresh active human serum and in 
inactivated (55°C) serum have been maintained at the State Serum 
Institute for more than three years. The cell line growing in the 
serum inactivated at 65°C was lost by accident after 7 months. 
It should be noted that the morphological behavior of the cells 
often changes also in short-term cultures (two days) almost com- 
pletely to that typical of the medium in question regardless of 
their previous medium of cultivation. 





IMPORTANCE OF GROWTH MEDIUM ol 


CELLS IN SPONGE MATRIX 


The cultivation was effected according to the method described 
by Leighton (10). The sera used were the same as in the studies of 
the cells on the glass surface. The serum concentration was also 
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Figs. 5—7. — Difference in the growth patterns of HeLa cells in cellulose 

iY sponge when fresh active serum was used (fig. 5) and when sera inactivated 

f at 55°C (fig. 6) and at 65°C. (fig. 7) were used. Epithelium-like structures are 

formed in active serum and endothelium-like linings in serum inactivated 

at 55°C but not in serum inactivated at 65 C, where nuclear polymorphism 
is great. (H & E, x 400) S = Sponge. 
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the same and the cultivation medium contained no other fluids 
than Hanks’ solution. 

The differences between the growth in fresh active serum and 
inactivated serum were distinct also in these experiments. In fresh 
active serum the cells lined the spores as epithelial-like lining, often 
in many layers (fig. 5). The cells were closely attached to each other 
and to the sponge. 

In serum inactivated at 55°C the growth was endothelium-like 
(fig. 6), but in serum heated at 65°C no epithelium-like or endothe- 
lium-like linings were observed. The cells grew in the spores freely 
and formed irregular cell clusters without any typical architectural 
pattern (fig. 7). Cell polymorphism was great. Thus the studies 
in sponge matrix also seem to indicate that fresh active human 
serum contains a factor or factors with »regulate» cell growth and 
cause the HeLa cells to grow forming epithelial-like structures. 
This factor is completely destroyed by heating to 65°C and in these 
sera no epithelial-like structures are formed. 


CONCLUSIONS 


Fresh active human serum seems to contain a factor or factors 
which prevent HeLa cells from growing in a loose migratory struc- 
ture on glass surface. This factor is destroyed by inactivation (30 
minutes 55°C). If the inactivation temperature is raised to 65°C 
the epithelial-like HeLa cells become fibroblastic. In fresh active 
human serum, the HeLa cells form epithelium-like linings in the 
spores, but in strongly heated serum (65°C) the growth is irregular, 
no epithelium-like structures are formed and the cell polymorphism 


is great. 
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RELATIONSHIP BETWEEN THE GROWTH MEDIUM AND THE 
SMBRYONIC INDUCTIVE CAPACITY OF HELA CELLS 


by 


L. SAXEN and S. TOIVONEN 


Previous investigations have shown that tissues maintain their 
embryonic inductive capacity even after blastogeny proper, and 
that all adult tissues possess some kind of inductive capacity (8). 
Furthermore, it has been found that the capacity to regulate the 
differentiation of competent ectoderm is not of a haphazard nature; 
on the contrary, it is tissue specific (2, 21). It seems probable that 
differentiation is caused either directly or indirectly by certain 
chemical substances. Two groups of such agents have hitherto been 
distinguished, t.e. neuralizing and mesodermalizing agents, which 
act either alone or in various combinations (22). The latter, at 
least, are regarded as proteins. 

In preliminary experiments HeLa cells cultivated in active 
serum proved to be strong inductors, and repeated experiments 
showed that their inductive action was tissue specific and that the 
results could be repeated. For various reasons it seemed to be of 
interest, however, to investigate whether the property responsible 
for the results was inherent in the cells or acquired from the growth 
medium. In experiments with pure sera and serum coagula (Vainio, 
unpubl.), pure serum had proved to be a very weak inductor, but 
this cannot be regarded as convincing evidence that serum is devoid 
of active inductive agents or their precursors. In order to elucidate 
this point cells were cultivated in serum treated by a method which, 
according to previous experiments, destroys the mesodermal in- 
ductive agent in the tissues (i.e. heating for half an hour at 65°C). 
Parallel experiments were performed with HeLa cells grown in a 
serum pool thus treated and with cells of the same line grown in 
an active serum pool. 


METHODS 


The cell culture technique and the method by which the serum 
was treated are described in part 1. In this part of the investiga- 
tion cells previously grown for about three years in active serum 


3 — Ann. Med. Exper. Fenn. Vol. 36. Fasc. 1. 
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were cultivated over five passages (for 28 days) in a serum pool 
heated to 65°C. (Since the morphology of the cells used has been 
discussed in the previous part, this can be omitted here. It should 
be emphasized, however, that on fixation the cells were definitely 
alive and viable, as was observed on microscopical investigation 
and proved by subsequent cultivation of specimens of the same 
culture.) 

The growth medium and possible detached cells were removed 
from the culture flasks chosen for the experiments, and physio- 
logical saline was added instead. Then the cells were mechanically 
detached (without trypsin), and the fluid was centrifuged at 
+ 20°C. for 20 min. at 5000/min. The residual was thoroughly 
washed three times in physiological saline, and centrifuging was 
repeated after each washing. Then the saline solution was sub- 
stituted by 70 per cent alcohol, and the cells were again centrifuged. 
After 6—12 hours the cell mass was transferred to sterile Holtfreter- 
Ringer solution, and after several rinses minced for implantation. 

In the implantation experiments Triturus vulgaris gastrulae 
were used as hosts. The cells to be investigated were implanted into 
the blastocoeles of the latter, after which the larvae were reared 
for 12 days, fixed, and serially sectioned. Secondary formations were 
identified by microscopical examination of these preparations [the 
technique employed has previously been described in detail (23)]. 


RESULTS 


In preliminary investigations 52 successful operations were per- 
formed with HeLa cells cultivated in a pool of fresh, active human 
serum. Inductions, which on gross inspection almost without 
exception appeared to consist in a large tail (Fig. 8 and 10), were 
observed in every larve. The results of microscopical identifica- 
tion are presented in Table 1 and Fig 12. It is seen that the 
cells employed were typical deuterencephalic-spinocaudal inductors, 
by the action of which the ectoderm differentiated chiefly into 
hindbrains and tail formations. In 80—90 per cent of the larvae 
hindbrains, ear vesicles, spinal cord, myotomes and fin were 
encountered. Where a fin was present, there was always also 
a strong mesenchymal formation. In addition, a notochord was 
relatively often observed (in 30 per cent). Mesodermal limb rudi- 
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TABLE 1 


THE INDUCTIVE ACTION OF HELA CELLS GROWN IN ACTIVE AND IN HEATED 
SERUM POOLS 
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ments and renal tubules occurred more occasionally. They were 
about as frequent as archencephalic structures (forebrain parts, eye, 
nasal pit, balancer). According to the gradient theory previously 
advanced by the authors (23), it appears that the inductor tissue in 
question contained both neuralizing and mesodermalizing agents. 

With HeLa cells cultivated in a pool of inactivated human serum 
45 technically successful operations were performed. Inductions 
were observed in 100 per cent of the larvae, but even gross inspec- 
tion revealed a marked qualitative difference between these and 
those described above. No typical tails were encountered, but ir- 
regular fins and occasional tail-like folds were observed. A rela- 
tively large, firm protuberance, which even on gross inspection 
was found to contain an eye (Fig. 9 and 11), was a typical finding. 
The results of microscopical analysis are shown in Table 1 and 
Fig. 12. It is seen that in this series the inductive action of the 
HeLa cells was clearly archencephalic-deuterencephalic, and 
that neural and mesodermal tail components occurred only occa- 
sionally. Forebrain parts and/or corresponding sensory organs were 
very frequent, and the percentage of hindbrain structures was the 
same as in the foregoing series. A fin, which according to our 
experience represents a weak mesodermal reaction, was en- 
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Figs. 8—9. — Induced formations in two tadpoles produced with HeLa cells 
grown in active serum (fig. 8) and with HeLa cells grown in serum heated to 
65°C. (fig. 9) as inductors. A large tail is seen in the former, a pigmented 
protuberance with two eyes in the latter. 
Figs. 10—11.— Microscopical sections of the tadpoles seen in figs. 8—9. Fig. 10 
shows myotomes, notochord, spinal cord and fin induced by HeLa cells grown 
in active serum. Fig. 11 shows a regular diencephalon, two eyes (the upper 
one is only in part seen in the section) and epiphysis induced by cells grown 
in heated serum. H & E, x 50. 
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Fig. 12. — Diagram showing the inductive action of HeLa cells grown in 


active and heated serum pools (52 + 45 larvae). 


countered in about one-third of the series, but other mesodermal 
components were almost completely absent. The incidence of spinal 
cord was 13 per cent against 83 per cent in the foregoing series. 


CONCLUSIONS 


Although the main purpose of the present investigation is not 
to interpret the results from the standpoint of developmental phys- 
iology, there seems to be reason for rendering a brief account of 
our views concerning this point. As already mentioned, it is obvious 
that HeLa cells cultivated in active serum contain an abundance 
of both neuralizing and mesodermalizing agents, yielding a deuter- 
encephalic-spinocaudal inductive action. As a result of the combined 
influence of the two agents, hindbrain parts and spinal cord develop 
(see 23). The formation of a typical tail also requires a combined 
action of the agents in question. Owing to the presence of a strong 
mesodermalizing agent, the pure action of the neuralizing agent 
is slight and archencephalic structures occur only occasionally. 
When the cells are cultivated in heated serum, the inductive action 
changes in a way that doubtless may be regarded as a definite 
weakening of the mesodermalizing agent. With the exception of 
fins containing mesenchyme, pure mesodermal structures disappear 
almost completely, and the number of fins — which according to 
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previous experience represent a weak mesodermalization — also 
decreases. Simultaneously the neural formations cranialize; spinal 
cord occurs only occasionally, whilst forebrains are observed in 
almost 80 per cent of the larvae. According to the gradient theory 
referred to in the foregoing, this cranialization clearly signifies 
a weakening of the mesodermalizing factor, followed by an increase 
in the effect of the »purely» neuralizing agent. Thus the increase 
in archencephalic inductive action does not seem to be due to 
increased concentration of any agent or group of agents, but 
to a decrease in the action of another agents. 

On comparison of the two experimental series described above 
it is found that the inductors used differed in regard of inductive 
action, and that the results could be repeated. (It may be mentioned 
that experiments have also been performed with ampler material. 
Although the treatment of the results has not yet been completed, 
it is obvious that the trend is the same.) Neither of the inductor 
types here concerned is new; numerous tissues previously investi- 
gated resemble the present ones in regard of inductive action. As 
inductors the HeLa cells cultivated in active serum closely 
resembled, for instance, alcohol treated guinea pig kidney (22, 
25, 7), and the cells cultivated in heated serum yielded the same 
kind of inductions as, for instance, guinea pig heart muscle (7). 
Since the cells used in the two series were of the same origin and 
similarly treated, it is obvious that the difference observed must 
bre due to the growth medium. This view is corroborated by the 
fact that the mesodermalizing action of the cells decreased when, 
in the second series, they were cultivated in serum treated by 
a method known to destroy the mesodermalizing agent. 
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THE EFFECT OF HOMOLOGOUS ANTISERA ON HELA CELLS IN 
TISSUE CULTURE 


by 
T. VAINIO and K. PENTTINEN 


The behaviour of tissue culture cells in homologous and hetero- 
logous immune sera has been described in various investigations, 
in which interest has been mainly focussed on changes in. the 
metabolism and viability of the cells after treatment with anti- 
serum (3, 4, 6). The specific antigenicity of the HeLa cells has also 
been investigated in vitro by studying the cytolyzing and aggluti- 
nating influence of homologous (13, 14) and heterologous (9) anti- 
sera. In these investigations relatively little interest has been 
devoted to the role of environmental factors in the effect of the 
antisera. In order to elucidate this point it would be necessary 
to find out if cells in vitro are capable of utilizing the proteins 
as such in the growth medium or if the proteins are only adsorbed 
to the surfaces of the cells in question. This part played by the 
environmental proteins in general would render the evaluation of 
the results obtained by an immunological technique more difficult. 
Certain observations corroborate the assumption that tissue cul- 
ture cells are capable of utilizing the proteins in the growth medium 
without decomposing them (15, 16). 

In what follows, the intention is to present some preliminary 
results relating to the behaviour of HeLa cells in homologous rabbit 
antiserum. Interest was mainly centred on the influence of the 
growth medium on the capacity of the HeLa cells to resist the 
action of the antiserum. 


METHODS 


Rabbit immune sera against HeLa cells were prepared with 
HeLa cells cultivated in human serum or in rabbit serum. The 
growth medium was the same as previously described, and it 
contained 30 per cent inactivated serum. Before being used, so 
called rabbit part (HeLa,) of the culture to be investigated was 
grown in rabbit serum for several passages. The cells to be used for 
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immunization of the rabbits were detached without trypsin treat- 
ment, washed three times in 0.15 M saline and intravenously 
injected without being homogenized. A total of four rabbits were 
immunized, two against HeLa cells grown in human serum and 
two against HeLa cells grown in rabbit serum. The former two 
were injected with a total of 17 million cells given as five doses in 
two days intervalls, the latter with a total of 27 million cells simi- 
larly administered. Seven days after the last injection blood was 
drawn by cardiac puncture, and the serum was separated and 
either used immediately in experiments in vitro or stored at —18°C. 


RESULTS 


Serological Tests. —- Using the interface precipitin test, anti- 
human precipitin was observed only in the serum from the rabbits 
immunized with HeLa cells cultivated in human serum (Table 2). 
All the anti-HeLa sera prepared were found to agglutinate A-human 
blood group red cells. None of them agglutinated B red cells, but 
three were found to agglutinate 0 red cells. The sera collected before 
immunization did not agglutinate human red cells. 

Investigations in Vitro. — Using the rabbit immune sera pre- 
pared, two experimental series were made (Exp. I and Exp. II). In 
the former the HeLa cells were cultivated in medium containing 
either human or rabbit serum during the in vitro tests of antisera, 
whilst in the latter rabbit serum alone was in the medium. The 
immune sera were added to the growth medium either immediately 
or after short storage. They were used diluted and uninactivated, 
the final dilution being 1/100. In certain cases the in vitro activity 
of the immune serum was titrated. The cells in the inoculum were 
counted, and the antiserum effect was studied both as changes 
in the cell count and as cell agglutination. The results are shown 
in Table 3. 

CONCLUSIONS 


Both the anti-HeLa,, and the anti-HeLay, sera had a primary 
agglutinating effect on both the HeLa cells cultivated in a rabbit 
protein medium and on those cultivated in a human protein medium. 
The cell counts made after four days showed, however, that an 
increase had occurred in spite of the cell agglutination caused by 
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TABLE 2 


INTERFACE PRECIPITATION REACTION WITH VARIOUS ANTI-HELA RABBITSERA 
1/500 HUMAN SERUM AS ANTIGEN 
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H-antiserum against HeLa 
cells grown in human serum 


R-antiserum against HeLa 
cells grown in rabbit serum 











TABLE 3 


AGGLUTINATING AND PROLIFERATION-INHIBITING EFFECT OF FOUR RABBIT 

ANTI-HELA SERA ON HELA CELLS in vitro. TWO OF THE ANTISERA (ANTI-HELA}}) 

WERE PREPARED WITH HELA CELLS GROWN IN HUMAN SERUM AS ANTIGEN. THE 

OTHER TWO (ANTI-HELAR) WERE PREPARED WITH HELA CELLS GROWN IN 
RABBIT SERUM. 



































EXP. I EXP. II 
ane H R | _H** R 
ion *Start. 98 Start. 66 Start. 59 Start. 96 
Aggl. | No. | Aggl. | No. | Aggl. | No. | Aggl. | No. 
0-specimen** 1/100 | — | 226 — 173 | 
anti-HeLa yy > + 240) ++ | 104) + | 193) + | 133 
0-specimen » — | 226 — | 190 
anti-HeLayy , + | 213]+++/ 89] + | 188) ++ | 55 
0-specimen > — | 242) — | 227 | 
anti-HeLap > |+++| 210/+++/ 83] ++ | 115/+++4] 82 
0-specimen » — | 231] — | 190 | | 
anti-HeLap > ++ | 2041 ++ | 140] + | 156/4+-+4+4) 17 








Exp. I. During the testing of the immune sera the HeLa cells were culti- 
vated in the same serum in which they had grown for several passages. 

Exp. II. During the testing of the immune sera the HeLa cells were culti- 
vated in medium containing rabbit serum. 

H = Hela cells grown in medium containing human serum. 

R = HeLa cells grown in medium containing rabbit serum. 


* The figures represent the number of cells in thousands per ml. of 
growth medium. 
** ©O-specimens obtained from rabbits before immunization. 
*** The HeLa cells grown in human serum were as mentioned above 
transferred to medium containing rabbit serum for the testing of the 
immune sera. 
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the antisera. A difference in multiplication rate was observed, 
dependent on the protein medium in which the inoculum cells had 
been cultivated. If the inoculum had grown in homologous serum, 
the antiserum effect was not sufficient to prevent an increase in 
the cell count. By contrast, if the inoculum had grown in hetero- 
logous protein medium, there was, on comparison with the controls, 
a definite decrease in the cell count, caused by the antiserum. The 
cells cultivated in homologous, human protein medium, tested 
in vitro in rabbit medium, increased quantitatively. Hence it may 
be concluded that tissue culture cells became more »sensitive» to the 
effect of antiserum only after several passages in a heterologous 
protein medium. 

Although in the precipitation tests only the anti-HeLa,, sera 
were found to contain anti-human precipitin, the anti-HeLa, sera 
caused the same degree of agglutination as the anti-HeLa,, sera. 
When anti-human gamma globulin serum or unabsorbed rabbit 
antiserum prepared against the N-factor of human red cells was 
added to the growth medium of the HeLa cells, agglutination of 
the latter was also observed. In spite of the strong primary aggluti- 
nation, an increase in the cell count was observed in the culture 
flasks after one or two days just as when the cells had been treated 
with anti-HeLa sera. 
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GENERAL DISCUSSION 


It was possible even in purely morphological investigations to 
demonstrate that the properties of the HeLa cells used were de- 
pendent on the growth medium, in this case by the heat treatment 
of the serum. The fact that the cells survived for seven months 
in heated serum medium (65°C) and the calculations of multiplica- 
tion rate seem to indicate that a factual change in the properties 
of the cells was involved and not, for instance, only a regression due 
to decreased nutrition. To show that also other properties of the 
cells had changed, their inductive capacity was also studied. 
The inductive capacity of the cells, which, as mentioned in the 
foregoing, is regarded as a tissue-specific property, was found to 
undergo a definite change when the cells were cultivated in heated 
serum. Since the cells used were of the same line as those grown 
in active serum, it was concluded that a certain inductive agent 
or its precursor in the serum had been destroyed, which subse- 
quently was not present in the cells, either. The cells continued 
to live, however, although morphologically different, and obviously 
also with a different composition. If changes dependent on the 
growth medium had occurred in the chemical composition of the 
cells, particularly in their protein pattern, it seemed reasonable to 
assume that these should be demonstrable also by serological 
methods. It appears that this expectation was borne out in the 
conditions presented in part 3 (fig. 13). 
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As seen in Fig. 13, a primary effect on the HeLa cells was pro- 
duced by anti-human sera; it should be borne in mind that all! 
anti-HeLa sera were also principally antihuman. In this connec- 
tion it is important to stress that the behaviour of the HeLa cells 
in immunological tests was effected by the culture medium of the 
cells irrespective of whether the cells were used as immunizing agent 
or for testing the immune sera. We do not believe that, after three 
washings, human serum unspecifically adsorbed from growth medium 
remains in the cell in sufficient amount to cause antigenic differ- 
ences. It is possible that the higher sensitivity of the HeLa, alls 
to antisera is due to the relative incapacity of the cells to metab- 
olize heterologous rabbit protein remaining some short time 
in the cells after prolonged cultivation in rabbit serum medium. 

The change that occurred in the antigenic behaviour of the 
HeLa cells also appears in Table 2. It is seen that, although the 
cells employed genetically were human, they obviously lost their 
human antigenicity at least to a considerable degree, when contin- 
ously grown in heterologous serum. The same mechanism may be 
active in the disappearance of the mesodermalizing inductor from 
the cells by inactivation of the serum in growth medium: tissue 
culture cells obviously utilize the protein supplied by the hetero- 
logous or inactivated serum medium, but are not capable of modi- 
fying it completely to correspond to their genetical constitution, 
as happens more closely in homologous and active serum medium. 

In part 1 it was found that heating of the growth medium 
resulted in a weakening of the epithelial character of the HeLa 
cells, whilst cultivation in active serum seemed to enhance this 
character. Furthermore, a change in the shape of the cells towards 
a fibroblast-like form occurred, and their mode of growth became 
looser. Considering that the HeLa cells are mesodermal epithelial 
cells, this may be interpreted as a kind of dedifferentiation, a return 
in the direction of the primary mesenchyme cell. In part 2 it was 
possible to show that when the cells were cultivated in serum 
treated by a method known to destroy the mesodermalizing agent, 
a decrease in the mesodermalizing action of these cells actually 
ensued. It is tempting to correlate these two observations on the 
effect of heating of the growth medium, i.e. the changes in the 
morphology and in the morphogenetic action of the cells, In other 
words, it seems reasonable to suggest that the same agents regulate 
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both the later differentiation of mesodermal cells and primary 
mesodermalization during blastogenesis. This theory has previously 
been advanced by Levander (11, 12) on entirely different grounds, : 
and it has been used by the present writers as a working hypothesis 
in certain previous experiments (21, 24).When the possible differ- 
ences in inductive action between normal and leukaemic bone 
marrow were investigated, the leukaemic tissue proved to be 
devoid of inductive action, and it was suggested as a possibility 
that the absence of a differentiating factor could bear some relation 
to the low differentiation of malignant cells (21, 24). The present . 
results may, perhaps, be regarded as corroborative evidence, but 
it should be borne in mind that the changes observed may be 
entirely independent of each other. No doubt heating of the serum 
in the way described also destroys factors other than the mesoder- 
mal inductor! 


SPECULATIVE SUMMARY 


If it is assumed that tissue-culture cells more or less reflect their 
growth medium, as the experiments here described seem to indicate, 
it should be emphasized that no growth medium contains, or 
possibly can contain, all the factors present in the physiological nutri- 
tional medium of the tissues. Still less are these factors contained 
in any growth medium in their physiological ratios. In a tissue 
culture nutritional conditions are therefore never the same as in any 
part of a living organism. All cells cultivated in the same medium will 
incorporate the same factors, the same differentiating agents, the 
same antigenic agents, and only more or less masked maintain their 
primary character, which was a result of different metabolic condi- 
tions. There is no doubt whatever that this character is preserved, 
just as the peculiar genetic pattern of the cells. The present results 
only show that the factors in the growth medium significantly 
influence the properties of the cells. The occurrence of fundamental 
changes in tissue-culture cells produced by the growth medium 
is strongly corroborated, for instance, by the fact that polio 
virus readily grows in tissue cultures of chick embryos, although 
cultivation of this virus in whole chic kembryos is successfully 
carried out only after protracted treatment of the virus (5). 
Theoretically it may, perhaps, be suggested that cells growing 
in vitro would not necessarily always develop in the direction 
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of dedifferentiation; perhaps certain factors in the growth 
medium are capable of causing differentiation (as some fresh sera 
were found to do in the case of the HeLa cells used in the present 
study). It is also possible, that absence of a differentiating factor 
is associated with a disposition to cancer. Susceptibility for malig- 
nancy and the invasiveness of cancer may also be associated with 
weakness or absence of this growth-controlling and differentiating 
system. In this connection the unifying concept of cancer outlined 
by Osgood (17) is interesting. 
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EFFECT OF AMINOPTERIN UPON THE GLANDULAR 
STOMACH OF MICE 


by 
M. SIURALA 


(Received for publication December 11, 1957) 


Nieweg & al. (5) assumed that pteroylglutamic acid (PGA) is 
necessary for the synthesis of desoxyribosenucleic acid, one of the 
chief constituents of the cell nucleus. There seems to be a high need 
for PGA in the bone marrow, an organ in which there occurs 
constant and intense new formation of the cells. It is known that 
megaloblastic anemia may result from PGA deficiency (3). Further, 
addition of a PGA-antagonist, aminopterin, to the bone marrow 
cultures results in the occurrence of megaloblasts (8). It is possible 
that also other organs with marked regeneration need PGA. The 
experimental investigations of Grant & al. (2) seem to suggest that 
intense regeneration occurs in the gastric mucosa of animals under 
normal conditions. Administration of aminopterin may therefore 
have a marked effect upon the state of the stomach of animals. 
Vitale & al. (9) produced considerable changes in the intestine of 
rats with aminopterin. Jacobson (4) obtained the same results in 
mouse intestine with aminopterin treatment. 

The aim of this study was to investigate the effect of aminopterin 
given parenterally upon the mucosa of the glandular stomach of 
mice. 


MATERIAL AND METHODS 


Experiments were performed with five-month old white male 
mice of a stock strain. Their average weight was approximately 
25 g. All were kept on a standard diet. 


This study was aided by a grant from Sigrid Jusélius Foundation. 
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An aminopterin (a-amino-pteroylglutamic acid, L. Light «& 
Co Ltd., Poyle, Bucks, England) solution containing 16 wg of 
aminopterin per 2 ml of distilled water was used. A dose varying 
from 4 to 12 wg was injected subcutaneously into 30 mice every day. 
The animals were killed after 1, 3, 4, 15, 23, 35 or 40 injections. 
The specimens were immediately fixed in neutral formaline. 
Hematoxylin-eosin, Hematoxylin-van Gieson and UnnaPappenheim 
stains were used. 


RESULTS 


Five mice received 1 injection of 12 wg of aminopterin (APT). 
One died spontaneously and 4 were killed on the following day, 
all in good condition. No noteworthy changes were seen except 
in one case where the small intestine showed slight necrobiosis. 

Three mice received 3 injections, a total of 36 ug of APT. One 
died and two, in poor condition, were killed on the day following 
the final injection. The gastric mucosa was found to be normal; 
the intestine, however, revealed marked alterations. Necrobiosis, 
cyst-formation and inflammatory cell infiltration were encountered. 

Fifteen mice were given 4 injections, a total dose of 16 ug of 
APT. 8 of them died spontaneously on the fifth day. 2 mice were 
sacrified on the first, 3 on the second and 2 on the fifth day after 
the final injection. The 5 mice killed on the first or second day were 
all in poor condition and showed marked gastrointestinal changes. 
Necrobiosis, widening of the crypts and cyst-formation were found 
in the stomach (Figures 1 and 2). The zymogenic cell layer, how- 
ever, appeared almost normal (normal staining with Unna-Pappen- 
heim). The small intestine revealed various epithelial alterations 
(necrobiosis, local atrophy, disappearance of normal intestinal 
cells, occurrence of large pale cells and flattened cells with indistinct 
borders), edema, inflammatory cell infiltration, local proliferation 
of the connective tissue and some: mitoses (Figures 4 and 5). The 
remaining two mice of this group, which were also in poor condition 
at the first and second day after the final injection, recovered and 
were killed in good condition on the fifth day. No pathological 
changes could be seen in the gastrointestinal tract. 

Two mice received 15 injections, a total of 38 ug of APT. 
They were killed on the day following the final injection (one 
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Fig. 1. — Mouse treated with 16 wg of APT. Fig. 2. — Mouse treated with 16 ug 
Necrobiotic changes especially in the neck reg- of APT. Widening of the crypts. 
ion. Cyst formation at the bottom of the mucosa. Body of the glandular stomach. 
Body of the glandular stomach. H—E. x 155. H—E. x 155. 





Fig. 3. — Mouse treated with 38 ug of APT. Hyperplasia of the mucosa. 
Widening of the crypts. Cyst formation. Pyloric region. H—E. x 155. 


4 — Ann. Med. Exper. Fenn. Vol. 36. Fasc. 1. 
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Fig. 4. — Mouse treated with 16 wg of APT. Jejunal mucosa. Inflammatory 
cell infiltration and edema. Marked epithelial alterations. No goblet cells 
present. H—E. x 155. 





Fig. 5. — Mouse treated with 16 wg of APT. Jejunal mucosa. Marked epithelial 

alterations. Atrophy of the mucosa. No normal jejunal mucosal elements 

can be detected. Note the large pale cells in the left upper quadrant of the 
figure. H—E. x 155. 
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in poor, the other in fairly good condition). The small intestine 
of both mice showed changes of the same quality and degree as 
the intestine of the 5 animals mentioned above. The glandular 
stomach revealed no marked necrobiosis. In one mouse large 
vacuolated cells (apparently parietal cells), cyst-formation, widening 
of the crypts and local proliferation of the connective tissue were 
seen. The stomach of the other mouse revealed superficial ulcera- 
tions and hyperplasia of the pyloric region (Fig. 3). The zymogenic 
cell layer was found to be almost normal. 

Each of 5 mice received 23, 35, 40, 40 and 40 injections respec- 
tively, a total dose of 54, 84, 104, 104 and 104 wg of APT. The 
initial daily dosage was, as previously, 4 ug. This dosage, however, 
could not be maintained due to the poor condition of the animals. 
The tolerance of APT seemed gradually to increase and at the end 
of the experiment a dose of 4 wg daily could be given without any 
untoward reactions. All these animals were killed in good condi- 
tion one day after the final injection. In general, nothing of patho- 
logic interest was found in the stomach or the intestine. One animal 
revealed a slight inflammatory reaction in the intestine, and one 
a widening of the gastric crypts. 


DISCUSSION 


The administration of APT did not seem to have any marked 
effect upon the state of the gastric mucosa of mice. In addition to 
necrobiosis of varying degree, cyst-formation and widening of the 
crypts were encountered. These changes resemble those seen in 
glandular stomach of rats kept on an amino acid-deficient diet (6). 
The occurrence of large vacuolated cells, a local increase of the con- 
nective tissue and proliferation of the pyloric mucosa can be men- 
tioned as occasional findings. It is interesting to note that zymo- 
genic cells seemed to be more resistant to the action of APT than 
parietal cells. 

The changes in the small intestine consisted of various epithe- 
lial alterations, inflammatory changes, increase of the connective 
tissue and some mitose formation. Changes of approximately same 
degree and quality were produced with APT by Vitale & al. (9) 
in rats and Jacobson (4) in mice. 

In general, the changes in the small intestine were more pro- 
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found than those in the stomach. This suggests that the gastric 
mucosa of mice is more resistant to the action of APT than the 
intestinal mucosa. From this point of view it is interesting to note 
that gastric lesion is not a common finding in pteroylglutamic acid 
deficiency states of man, for instance in megaloblastic anemia of 
pregnancy (1). On the other hand, in Vitamin B 12 deficiency 
states of man some kind of gastric lesion (achlorhydria, super- 
ficial gastritis and atrophic gastritis) is commonly encountered. 
Gastric lesion is almost constantly present in Addisonian pernicious 
anemia and remarkably often tapeworm pernicious anemia (7). 

The digestive tract of the animals which survived the first 
days of APT treatment and thereafter received the drug for a long 
time, revealed no noteworthy changes. In addition, the animals 
killed soon after the final injection showed marked alterations and 
those killed some days later had an almost normal gastrointestinal 
tract. This would indicate that the gastrointestinal changes induced 
by APT are reversible. 


SUMMARY 


In order to investigate the effect of aminopterin (APT) upon 
the gastric mucosa of mice a daily dose of 2—12 wg of APT was 
given parenterally during a period varying from 1 to 40 days. In 
general, the changes produced in the glandular stomach were slight. 
The commonest findings were widening of the crypts, cyst-forma- 
tion and necrobiosis. Increase of the connective tissue and prolifera- 
tion of the pyloric mucosa were found occasionally. The zymogenic 
cells seemed to be more resistant to the action of APT than the 
parietal cells. More profound changes were encountered in the 
small intestine. They consisted of various epithelial alterations, 
inflammatory changes, increase of the connective tissue and the 
occurrence of some mitoses. The experiments seem to suggest 
that the gastrointestinal changes induced by APT were reversible. 
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ADMINISTRATION OF HEPARIN 


OBSERVATIONS ON THE INFLUENCE OF DIFFERENT METHODS AS 
ESTIMATED BY PLASMA CLEARING ACTIVITY 


by 
ESKO A. NIKKILA and IRMA SIROLA 


(Received for publication December, 18 1957) 


During the past few years it has been demonstrated that the 
biological activity of heparin is not directed towards the blood 
coagulation alone. When administered into the organism it pro- 
duces into the circulation a highly active enzyme not known 
earlier, which splits neutral fats and for which the terms clearing 
factor and lipoprotein-lipase have been used. The first is based on 
the finding that the active factor causes a very rapid clarification 
of lipemic plasma or of artificial fat-protein mixtures, while the 
latter term indicates that the enzyme splits only protein-bound 
fats being inactive against free lipids. The part played by heparin 
in the activity of this enzyme has not been explained so far, but it 
appears probable that it is essential for the release of the active 
protein from tissues and for the formation of enzyme-substrate 
complex. In any case heparin is not active alone in this reaction 
as it is in the coagulation process. 

The discovery of the activity of heparin on fat has naturally 
led to experiments for its use in disturbances of fat metabolism, 
especially in atherosclerosis. Demonstration of the fact that the 
administration of heparin was followed by a prompt decrease 
of chylomicrons and some large-molecular lipoproteins in the 
blood gave reason to assume that heparin would have a retarding 
effect on atherogenesis. A number of experiments carried out on 
the effect of heparin on experimental rabbit atheromatosis have 
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given quite consistent evidence in support to this hypothesis 
(1, 3, 4, 5, 7). The evaluation of such an effect in man is, of course, 
very difficult and requires long periods of observation. Recently, 
however, Engelberg ef al. (2) have published the first obser- 
vations on this subject in a series of human patients with myo- 
cardial infarction. In the absence of a control group given other 
anticoagulants it is, however, impossible to determine the extent 
to which the favorable effect obtained was due to the antithrombic 
effect only. 

In case long-term treatment with heparin is used not only due . 
to its anticoagulant activity but also due to its antilipemic and 
antiatherogenic properties the. blood coagulation time is not as 
adequate a measure of the effect of heparin as is the clearing 
activity of plasma. Furthermore, a much more exact determination 
is possible of the latter than of the coagulation time and the proce- 
dure is not technically more complicated or time-consuming. In 
view of this, the influence of the manner of heparin administration 
was studied using as criterion the plasma clearing activity. At the 
same time some experience was obtained of the magnitude of pos- 
sible individual differences in the capacity to produce clearing 
factor after maximum heparin stimulation. 


MATERIAL AND METHODS 


A total of 21 persons were studied who were hospitalized for 
various thromboembolic processes (myocardial infarction, cerebral 
thrombosis or embolism, thrombosis of the lower extremities etc.) 
Each patient was given an injection of 20,000 units of heparin 
every other day and a blood sample was taken into sodium citrate 
2, 10 and 24 hours after each injection. The plasma was separated 
by centrifugation and its clearing activity was determined not 
later than 4 hours after taking of the sample as follows: Into the 
test tube was pipetted 0.5 ml of plasma and 2.0 ml of physiological 
saline, and immediately before the photometric determination 
0.5 ml of triolein emulsion prepared daily by homogenizing 0.25 ml 
of triolein + 0.1 ml of Tween 80 + 100 ml of physiological saline. 
The O.D. of the turbid mixture was read with a Beckman B spectro- 
photometer at 650 my. After 30 minutes’ incubation at + 37°C 
the turbidity was measured in the same manner. Each determina- 
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tion included a duplicate plasma sample and a blank containing 
saline instead of plasma. The decrease in O. D. during the incuba- 
tion period, corrected with the O.D. difference shown by the blank, 
indicated the clearing activity. 

The heparin preparations studied were »Vitrum» given intra- 
venously, »Novo Lente» and »Subcutan Star» given subcutaneously, 
and »Pularin Evans» given intramuscularly. 


RESULTS 


Conforming with earlier experience, intravenously administered 
heparin produced a strong clearing activity immediately after 
injection. In the plasma taken 2 hours after injection the activity 
was in most cases. 200/30 min. or more. The activity evidently 
decreases parallel with the heparin concentration in the blood and 
is nearly or completely disappeared already within 10 hours. 
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SUBCUTANEOUS INTRAMUSCULAR 
ADMINISTRATION ADMINISTRATION 
Fig. 1. — Clearing aclivity of plasma of 21 subjects at 2 hours after injection 


of 20,000 u. of heparin. 
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ADMINISTRATION ADMINISTRATION 
Fig. 2. — Clearing activity of plasma at 10 hours after injection of 20,000 u. 


of heparin. 


The plasma clearing activities of subcutaneously and intra- 
muscularly administered heparin in the samples taken 2 hours and 
10 hours after injection are shown in figs. 1 and 2. The mean 
values in the postheparin plasma samples at 2, 10 and 24 hours are 
seen in fig. 3. The maximum clearing activity, which evidently 
is reached about 2 hours after injection, is definitely lower (only 
about one-half) than that produced by the same dose of heparin 
administered intravenously, but the duration of the effect is greatly 
prolonged. After 24 hours about one-half of the cases studied still 
showed a slight but clearly demonstrable activity. The results also 
show that there is no difference in the magnitude of effect or in its 
duration between subcutaneously and intramuscularly administered 
heparin. 

Figure 4 is a comparison of the activities of postheparin plasma 
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HOURS FROM THE ADMIMISTRATION OF HEPARIN 


Fig. 3. — Mean clearing activity of plasma at 2, 10 and 24 hours after 20,000 u. 
of heparin. Open dot: »Subcutan Star», black dot: »Pularin Evans», cross: 


CLEARING ACTIVITY AT 2 HOURS 


»Novo Lente». 
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CLEARING ACTIVITY AT 10 HOURS 
AFTER HEPARIN ADMINISTRATION 


Fig. 4. — Plot of plasma clearing activities at 2 and 10 hours after 20,000 u. 


of heparin. 
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CLEARING AT 2 HOURS AFTER INTRA- 
MUSCULAR HEPARIN 
Fig. 5. — Correlation of clearing activities on the same individuals produced 


by intramuscular and subcutaneous administration of heparin. 


samples taken 2 hours and 10 hours after injection. It is seen that, 
on the whole, an activity that initially is high continues at a high 
level, but there are individual cases in which a relatively low 


activity may remain nearly constant up to 10 hours and, on the 


other hand, even a high activity may disappear comparatively soon. 


The activity remaining at 24 hours has no correlation to the degree 


of initial activity. 

The »clearing response» shows relatively great variations even 
when constant amounts of heparin are used (which, moreover, 
probably correspond to the maximum stimulation), as is seen, for 
example, in fig. 1. The variations nevertheless are not seen only 
between different individuals but the response of even the same 
individual may vary greatly from day to day according to whether 
the subcutaneous or the intramuscular administration is used. This 
fact is shown by fig. 5, in which the clearing activities of the same 
individuals after a subcutaneous and an intramuscular injection of 
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heparin are compared. Since according to earlier experience the 
response after intravenous heparin varies relatively little in the 
same individual (6), it seems evident that the variations now seen 
are ascribable to the irregular and from time to time variable resorp- 
tion of heparin from the site of application into the circulation 
rather than to a variable capacity to form clearing factor. 


SUMMARY 


The property of postheparin plasma to clear fat emulsions 
can be more exactly determined than the coagulation time, and 
furthermore it is a more accurate criterion of the effect of heparin 
than the latter when the clinical use of heparin is based on its 
antilipemic and antiatherogenic rather than on its anticoagulant 
power. For this reason a comparative study was made of the magni- 
tude and duration of effect of intravenously, subcutaneously and 
intramuscularly administered constant amount of heparin on the 
plasma clearing activity of 21 human subjects. Confirming the 
results of earlier studies on the coagulation time it was found that 
when administered by subcutaneous and intramuscular route 
heparin had a considerable longer effect than if given intravenously 
and it was frequently demonstrable up to 24 hours after injection. 
A continuous antilipemic (and antiatherogenetic?) effect will there- 
fore be produced when 20,000 units of heparin are given subcutane- 
ously or intramuscularly once daily. No difference was observed 
in the effects of these two methods of administration. 
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THE EFFECT OF DIGITOXIN ON ADRENAL WEIGHT 
AND BLOOD VOLUME 


STUDIES WITH PREGNANT AND NON-PREGNANT RATS 


by 
JUHA HAKKILA and PENTTI I. HALONEN 
(Received for publication January 2, 1958) 


It is known, from investigations with experimental animals 
and human subjects that physical stress increases the blood vol- 
ume (9, 22) and produces hypertrophy of the adrenal glands (2, 4, 16). 
It has also been demonstrated that pregnancy has an increasing 
effect on the blood volume (1, 6, 14). Hypertrophy of the adrenals 
in pregnancy is a regular finding in humans and most experimental 
animals (7, 8, 10, 11, 13). 

It has been demonstrated that digitalis reduces the blood volume 
not only in congestive heart failure but also in healthy persons 
(25, 26). 

The effect of digitalis on the adrenals has been studied in animal 
experiments. The results of these experiments are conflicting and 
are not explainable on the basis of what experimental animals or 
digitalis preparations were used. Thus Metzler and Greef (17), 
Gardner ef al.(5) and Pyéraélé and Erank6 (21) observed that 
digitalis produced in the rat and Metzler (15) and Moskopf and 
Sarre (19) in the resting guinea pig hypertrophy of the adrenals 
and that it augmented the hypertrophy due to stress in the guinea 
pig (15, 17, 19). This effect of adrenal hypertrophy was obtained 
by Moskopf & Sarre only when large doses of digitalis were used. 

Pyorald (20) was unable to develop adrenal hypertrophy in 
guinea pigs even with large doses of digitalis, and Kuschinsky (12) 
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and Moskopf and Sarre (18, 19) demonstrated that digitalis inhi- 
bits the development of adrenal hypertrophy due to stress in the 
rat and guinea pig. 

With the exception of the results reported by Gardner et al. 
(5), Pyoraélé and Erank6 (21) and Pyordala (20), the data on the 
adrenals given in the publications mentioned have been based on 
weighings only. Gardner et al. described also changes in the histo- 
logical structure and lipid content of the adrenals, and Pydrdli 
and Eranké and Pyoralé determined additionally the adreno- 
medullary volume and the vitamin C and cholesterol contents of 
the adrenals. 

The results obtained in the above mentioned investigations, 
demonstrating that hypertrophy of the adrenals and increase in 
the blood volume occur in connection with physical stress and 
pregnancy, have prompted the present investigation, the purpose 
of which is to study simultaneously the changes in the blood volume 
and in the adrenals in pregnancy and the effect of digitalis on these 
changes. 


MATERIAL AND METHODS 


The experimental animals were albino rats of Sprague-Dawley 
strain weighing 160/190 gm. The digitalis preparation used was 
Digitoxin (Medica), which was given subcutaneously in an alcohol- 
glycerin solution. The suitable dosage for the present experiments 
seemed to be 70 »/100 gm of body weight. This dose had no appreci- 
able effect on the appetite and activeness of the animals; only 
coarseness of the hair developed one to two weeks after institution 
of the Digitoxin administration and distinguished these rats from 
the controls. 

The experimental series proper comprised 38 rats which previ- 
ously had not born litters. The rats were covered and the Digi- 
toxin treatment was begun on the third day thereafter. The daily 
Digitoxin dose of 70 y/100 gm of body weight was given subcutane- 
ously in a concentration of 140 y in 0.1 cc of solvent. Digitoxin 
was given to 19 rats and the same number of rats served as controls. 
The control animals were given daily the same volume of solvent 
as the dose of the treated rats contained. 

The animals were weighed before the commencement of Digi- 
toxin administration and before the blood volume determinations. 








hi- 
she 


1S, 
in 
nd 
se 


Se 








THE EFFECT OF DIGITOXIN ON ADRENAL WEIGHT AND BLOOD VOLUME 63 


On the 19th and 20th days of pregnancy, i.e., 1 or 2 days before the 
calculated term, the blood volume and adrenal glands were weighed. 

The blood volume was determined from the plasma volume and 
the haematocrit value. For measurement of the plasma volume 
we used ]%!-albumin which was diluted with physiological saline 
in a proportion to give an activity of 4 uC to the I'*!-albumin con- 
tained in each animal’s dosage of 0.1 cc of solution. The injection 
was made into the jugular vein under nembutal anaesthesia. In 
preliminary experiments 9 min. was found to be a suitable mixing 
period for I!%!-albumin and this period was employed when taking 
the blood sample from the rats. The sample was taken from the 
inferior vena cava and the haematocrit determination was made 
from the sample by the method of Wasastjerna (24). The remainder 
of the blood sample was centrifugated and the activity of the plasma 
was measured in a scintillation well counter (Nuclear, Chicago). 

The adrenals were removed after taking of the blood samples 
and were weighed immediately. The uterus was then excised and 
the foetuses were exposed. Their number and weight were deter- 
mined after removal of the amnion and placenta. 


RESULTS 


Seven control rats and seven digitoxin-treated rats failed to 
become pregnant. Thus there remained 12 pregnant animals in 
both groups. 

Digitoxin caused a reduction in the body weight only when 
given to pregnant rats. A statistically rather significant decrease 
occurred in the latter in comparison to pregnant control rats 
(t = 2460, P = 0.02). 

Pregnancy alone was not found to cause adrenal hypertrophy 
in the rats. Neither was there any definite change in the blood 
volume. Rather it was reduced in the pregnant rats as compared 
with the controls, and the only statistically significant difference 
observed was a decrease in the blood and plasma volumes of the 
pregnant rats when calculated per unit of body weight (t = 2.30, 
P == 0.05 and t = 2.28, P = 0.05, respectively). The results of the 
adrenal and blood volume determinations are shown in table 1. 

The increase in the weight of the adrenals produced by Digi- 
toxin in non-pregnant rats was slight. The only statistically rather 
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TABLE 1. 


ADRENAL WEIGHTS AND BLOOD AND PLASMA VOLUMES OF CONTROL AND 
PREGNANT RATS. THE ANIMALS RECEIVED NO DIGITALIS 








Body | Adrenal Weight) Blood Volume | Plasma Volume 
Weight mg ~ ed 
6m | Absol. | Relat. | Absol. | Relat. | Absol. | Relat. 








Controls (7) ....| 224.4 54.0] 241.3] 15.76 70.2 9.68 43.0 
+8.1 +3.0] 412.2} 40.69 | 41.10) 40.52] +0.80 
Pregnants (12)..| 244.6 59.0] 241.3] 15.70 64.0 9.00 36.8 
+4.2 42.2} 4+9.0}) +0.74 | 4+7.5 | 40.32] 41.2 





























TABLE 2 
ADRENAL WEIGHTS AND BLOOD AND PLASMA VOLUMES OF CONTROL AND DIGI- 
TOXIN-TREATED NON-PREGNANT RATS. DIGITOXIN DOSAGE: 70 y PER 100 Gm 
OF BODY WEIGHT DAILY DURING 19—20 Days 








Body | Adrenal Weight} Blood Volume | Plasma Volume 
Weight gm ce ce 
” Absol. | Relat. | Absol. | Relat. | Absol. | Relat. 








Controls (7) .... | 224.4 | 54.0 | 241.3] 15.76] 70.2 9.68} 43.0 
+8.1 | 43.0 | 412.2] 40.69] 41.10] 40.52] +0.8 
Digitoxintreated | 220.9 | 62.7 | 285.1] 15.82] 69.6 8.90| 39.6 

(7) +7.4 | +3.0 | 414.8] 40.62] 43.7 | 40.78] 44.9 


























TABLE 3 


MEAN BODY WEIGHTS, NUMBER AND MEAN WEIGHTS OF OFFSPRING IN LITTERS, MEAN ADBRE 
WEIGHTS, AND MEAN BLOOD AND PLASMA VOLUMES OF PREGNANT CONTROL AND PREGNAN 
DIGITOXIN-TREATED RATS 











Body | Size Weight Adrenal Weight| Blood Volume | Plasma Volu 
Weight of |of Fo- mg ce ce 


: t - 
mg | Litter) ¢ym. | Absol.| Relat. | Absol. | Relat. | Absol. | Ret: 








Pregnant con-| 244.6 10.7 0.51 59.0] 241.3 15.70 64.0 9.00 36 
trols (12) ....] +42 | +0.7/+0.14] +2.2 +9.0 | +0.74 +2.5 +0.32 | +1 
Pregnant  Digi-| 227.1 9.8] 0.71 70.3} 312.0 14.80 65.5 8.49 37, 














toxin-treated (12)} +5.2 | +0.8}+0.14) +1.7] +11.6 | +0.75 +3.4 +0.20 | +1 
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significant difference (t = 2.29, P = 0.05) was seen when the 
adrenal weight was calculated per kilogram of body weight. No 
significant difference could be demonstrated in the blood and 
plasma volumes. The results obtained are shown in table 2. 

Digitoxin administered during pregnancy produced in rats 
a definite hypertrophy of the adrenals. The difference was statis- 
tically highly significant both in terms of absolute weight of the 
adrenals (t = 4.12, P = 0.001) and of the relative weight per unit 
of body weight (t = 4.71, P = 0.001). No significant differences 
were seen in the blood volume and the plasma volume. The admin- 
istration of Digitoxin did not have a significant effect on the num- 
ber of offspring or their weight. The results which were obtained 
with pregnant control rats and with pregnant Digitoxin-treated 
rats are shown in table 3. 


DISCUSSION 


In the present investigation pregnancy was not found to produce 
adrenal hypertrophy in rats, which is an observation made earlier 
by Blumenfeld (3). In this respect the rat differs from man and 
most experimental animals, such as for instance the mouse and 
the guinea pig (8, 10). 

The hypertrophic effect of Digitoxin on the adrenals was small 
also in non-pregnant rats and was observed only when the weight 
was of the adrenals was calculated in reiation to the unit of body 
weight; even then the difference was of slight significance (P =0.05). 

The administration of Digitoxin to pregnant rats clearly pro- 
duced adrenal hypertrophy. We have no knowledge of similar 
studies with pregnant animals. 

Digitoxin given to non-pregnant rats had no effect on the blood 
volume. Pregnancy in humans increasis the blood volume con- 
siderably. In the present investigation no increase was demonstrable 
in the blood volume of rats during pregnancy and there was no 
hypertrophy of the adrenals. On the contrary, when calculated per 
unit of body weight there was a slight decrease in the blood and 
plasma volumes of pregnant rats. The difference, it is true, was 
only slightly significant (t = 2.30, P =: 0.05). No changes in the 
blood or plasma volumes could also be demonstrated after digi- 
toxin administration to pregnant rats. The results obtained thus 


5 — Ann. Med. Exper. Fenn. Vol. 36. Fasc. 1. 
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appear to be evidence that adrenal hypertrophy in itself need not 
be associated with changes in the blood volume. It is nevertheless 
possible that small differences in the blood volume may be masked 
by the decrease which has been observed to take place in the 
volume towards the end of pregnancy. Determinations of the blood 
volume by calculation from the plasma volume on the basis of the 
haematocrit may also affect the results (23). 

Digitoxin was found to have no effect on the number or the 
weight of offspring in the litter. 


SUMMARY 


Adrenal hypertrophy or increased blood volume was _ not 
demonstrable in pregnant rats. Digitoxin did not produce changes 
in the blood volume of non-pregnant rats but probably caused 
a mild degree of adrenal hypertrophy. In pregnant rats Digitoxin 
produced definite hypertrophy of the adrenals but did not affect 
the blood volume. It had no effect on the weight or number of 
offspring in the litter. 
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STUDIES IN DIFFERENT AGE GROUPS 
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In a number of preliminary experiments we immunised two 
series of rabbits, one with a pool of sera from aged people and 
the other with a pool of sera from newborn infants. The experi- 
ments were made in order to find whether there are any specific 
antigens either in the sera of aged people or in those of newborn 
infants. The antigen antibody reactions were performed with the 
precipitation and the complement fixation technics. The anti-aged 
immune sera seemed to react more strongly with the sera of aged 
people than with the sera of the infants, but so did also the anti- 
newborn immune sera. 

For checking the observations two series of rabbits were hyper- 
immunised, one with a pool of sera from people of 75 years of 
age on an average and the other with a pool of sera from newborn 
infants. One and a half ml of the antigen serum dilution (1: 100) 
were added to 0.05 ml of immune serum with saline. After shaking, 
the tubes were incubated at room temperature for half an hour. 
The turbidities were recorded with a Zeiss spectrofotometer (PMQII). 
The wavelength of 650 my was used for measurement of the light 
extinction. In addition, the sera were precipitated with sulfo- 
salicylic acid. By using this procedure, equal amounts of sera 
diluted to 1:200 with water and the sulfosalicylic acid (20 per cent 
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in water) were mixed. The extinction was measured after 15 minutes 

at room temperature. — For all these precipitation methods the 

amounts of sera, immune sera and sulfosalicylic acid were chosen 

so that within reasonable limits the turbidity increased rather 

linearly with the amount of sera to be precipitated. — The amount 

of serum proteins was estimated by the Folin Ciocalteau-method. 
TABLE 1 


EXTINCTIONS* OF THE SERA PRECIPITATED WITH FOUR IMMUNE SERA AND 
SULFOSALICYLIC ACID 









































A A MSera | Immune Sera _| Sulfosali [Amount of 
Sera of New-|—NE 89 | Nr. 827 | Nr. 823 | Nr. 824 per cents 
born Infants 

1 37 130 23 40 370 5.2 
2 31 115 29 42 362 6.4 
3 35 108 30 38 365 5.9 
4 26 103 48 36 295 4.8 
5 36 108 22 32 380 6.1 
6 44 124 27 49 400 59 
7 27 86 19 34 400 5.3 
- 8 45 123 29 47 380 5.8 
9 44 122 29 51 354 5.4 

ts 10 25 98 16 33 463 6.5 

i Sera of Aged 

ic People ; 

1 100 256 98 103 400 7.8 

nl 2 87 215 70 68 185 6.5 

1e 3 66 143 46 68 320 7.0 

d 4 79 193 80 84 280 6.1 f 

d 5 67 159 55 60 505 6.3 

' 6 91 190 66 91 522 7.2 

- 7 80 173 60 78 450 6.7 

8 78 179 53 82 525 7.2 

r- 9 60 173 33 69 519 6.7 

yf 10 97 198 80 87 450 6.4 

n * Multiplied by 1000 

)) 

5, There is but little doubt that the turbidity of the sera of aged 

a people after reaction with immune sera were stronger than those 

). of newborn infants (Table 1). This difference was observed irrespec- 

t tive of the type of immune serum used. The sera of newborn infants 

)- contained about 20 per cent less proteins than those of aged people. 

a However, this difference in amounts of proteins is not big enough 


t to explain the observed differences in turbidity. Thus, there must 
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also be some differences in the qualities of their proteins which 
probably are not due to differences in their antigenic structures, 
but to some other qualities. The extinction values after precipita- 
tions with sulfosalicylic acid do not show the same differences. 
Their wide dispersion in the group of aged people is also note- 
worthy. 

In table 2, some data on the chemical composition of the pre- 
cipitates are collected. The high content in cholesterol of the sera 
of aged people was reflected in both types of precipitates. The 
precipitates caused by the immune serum contained, however, 


TABLE 2 


ANALYTICAL DATA ON PRECIPITATES CAUSED BY IMMUNE SERUM NR. 819 AND 
SULFOSALICYLIC ACID 
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Pool of Three Sera of 
Aged People .... | 182mg%j1010mg%} 18 % 67 a 


The Precipitate of th 
Pooled Sera of 
Newborns with Im- 
mune Serum .... |0.0092 mg} 0.20 mg 46% 

The Precipitate of the 
Pooled Sera of 
Aged People with 
Immune Serum ..| 0.028 mg} 0.17 mg 16.6 % 

The Precipitate of the 
Pooled Sera _ of 
Newborns with 
Sulfosalilylic Acid |0.0022 mg} 0.08 mg 2.8% 


The Precipitate of the 
Pooled Sera of 
Aged People with 
Sulfosalicylic Acid} 0.011 mg] 0.11 mg | 10 % 
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more cholesterol pro nitrogen than the precipitates caused by 
sulfosalicylic acid. Thus the strong turbidity of the immuno- 
precipitated sera of aged people might be due to their high con- 
tents of lipoproteins. The turbidity of the sulfosalicylic acid pre- 
cipitate is apparently not correlated to the lipoproteins in the 
same way. 

Supposing that the observed strong turbidity of the immuno- 
precipitate of the sera of aged people is correlated to their contents 
of lipoproteins, only small differences would be expected between 
the sera of aged people and of adults. Figs. 1—4 indicate the . 
distribution of 32 sera of adults and of 32 sera of aged people 
according to the intensity of turbidity after precipitation with 
four immune sera. The total spread of the observed turbidities 
with each immune serum is divided in six equal zones. The number 
of sera falling in each of these six zones is indicated in the attached 
illustrations. As seen, the turbidities show considerable overlapping. 
However, among the sera of aged people high turbidity values 
occur more frequently than among those of adults. 

All the 64 sera were precipitated also with sulfosalicylic acid. 
Fig. 5, drawn up in analogy with Figs. 1—4, shows that the sera 
of adults gave more turbid precipitates than those of aged people. 
The mean extinction was 471 for adults and 389 for the aged. 
Even within the group of aged people the oldest ones seem to 
give the most transparent precipitates (Table 3). 





TABLE 3 


MEAN EXTINCTION* OF SERA IN DIFFERENT AGE GROUPS AFTER PRECIPITATION 
WITH SULFOSALICYLIC ACID 

















Age Groups 20—30 | 47—69 | 70—74 | 75—79 | 80—97 
Mean Extinction.... 471 413 403 400 Bh | 
Number of Sera exa- 

RING 22556eenS 32 16 18 22 15 

















* Multiplied by 1000 


The observed decrease in turbidity according to the age was 
statistical, with plenty of overlapping, but it seems to be real. 
No simple explanation can be offered for this phenomenon. Accord- 
ing to the literature (1) and our Folin-Ciocalteau values, there 
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only a slight difference or none at all in the amounts of protein 
in these age groups. When the cholesterol amount in a serum was 
over 200 mg per 100 ml, the turbidity caused by sulfosalicylic 
acid was a little higher (the mean turbidity of 15 sera was 436) 
than when the cholesterol amount was below the limit of 200 mg 
per 100 ml (the mean turbidity of 14 sera was 361). 

When trying to understand peculiarities in the sera of aged 
people we tend to assume that the increasing turbidity of the 
sera of aged people after immuno-precipitation can be related to 
their lipoproteins; but a difference in lipoproteins can hardly be 
the reason why the sera of aged people give rather transparent 
precipitates with sulfosalicylic acid. There seem to be reason to 
suppose that the antigenic structure of the serum proteins is un- 
affected by age. The differences noted in the turbidity of the sera 
after precipitation with sulfosalicylic acid might be due to some 
differences in the interaction of the serum proteins. 
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SUMMARY 


The turbidity of a serum when precipitated with immune sera 
or sulfosalicylic acid is influenced by the age of the person in 


question. 
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The ability of isopropylnoradrenaline (IPN, Isoprenaline, 
Isoproterenol) to decrease blood pressure and relax bronchial 
musculature was shown by Konzett (6, 7). He also described the 
ability of a rather similar substance, propylnoradrenaline, to increase 
the blood pressure response of adrenaline. In an extensive study on 
the receptor specificity of pressor and depressor amines Huidobro 
et al. (5) demonstrated that in cats treated with dibenamine the 
IPN was able to change the depressive reaction of adrenaline to 
a pressor one. 

The purpose of this work was to investigate the effect of IPN 
on adrenaline (A) and in most cases also on noradrenaline (NA) 
responses in different pharmacological experiments. Because toxic 
adrenaline doses produce pulmonary edema in test animals the 
effect of IPN on pulmonary edema induced by another way (i.e. 
bilateral cervical vagotomy) was studied to supplement the A toxic- 
ity tests. 


METHODS 


Blood pressure tests were made on 14 adult cats and 6 rabbits. The 
cats were anesthetized intravenously with chloralose (60 mg/kg) or intra- 
peritoneally with sodium amytal (80 mg/kg) and rabbits intravenously 


1 Recipient of grants from The Sigrid Jusélius and Rockefeller Founda- 
tions. 
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with urethane (1.5—1.8 g/kg). All drugs were injected intravenously with 
2 ml of physiological saline into the femoral vein of cats and into the jugular 
vein of rabbits. The blood pressure was measured from the left common 
carotid artery. The pressure in the right ventricle was measured by using 
a thenylene catheter pushed into the right ventricle through the right 
jugular vein. For registering this low pressure a rather sensitive mercury 
manometer, as constructed by Condon (1), was often used. 

The isolated heart of cats in a Langendorff-apparatus was perfused 
with oxygenated Locke-solution (NaCl 9.0, KCl 0.2, CaCl, 0.2, NaHCO, 
0.2 and glucose 1.0 g/l) in 37°C. A was injected into the perfusion fluid 
through the rubber tube just above the heart. The responses were compared 
before and during the perfusion with fluid containing IPN 10-9, 10-8 
and 10-7, 

In 18 experiments the hinder portion of a rat was perfused through 
the abdominal aorta with Locke-solution at room temperature and the 
outflow was measured by using a drop timer (3). A and NA were injected 
in small volume into the perfusion fluid with and without IPN just above 
the cannula. The concentration of IPN in the perfusion fluid was between 
10-9 and 10-6. 

The strip of isolated rabbit duodenum was suspended surrounded with 
nutrient solution (NaCl 9.0, KCl 0.42, CaCl, 0.24 MgCl, 0.2, NaHCO, 0.3 
glucose 1.0 g/l) in a 25 ml bath under the continuous stream of oxygen. The 
movements of the gut were registered by an isotonic lever. When the 
effect of IPN was studied it was injected into the bath one minute before 
A or NA and both drugs were then washed out together. The cycle was 
about 5 minutes and A and NA were left to act for 90 seconds. 

For isolated guinea pig seminal vesicle the same fluid and bath were 
used as for rabbit duodenum. A was injected every 20 minutes and left 
in the bath for one minute. IPN was added one minute before A. 

For A toxicity tests, white mice and rats, all being young, male adults, 
were used. There was no fast and the room temperature was about 20°C. 
IPN was injected subcutaneously. When A was injected subcutaneously, 
it was administered at the same time as IPN but to different place. In the 
case of an intravenous A administration, the site of the injection was the 
tail vein and then IPN was given 15—20 minutes before. The animals were 
observed for 24 hours. 

The bilateral cervical vagotomy was made under light ether anesthesia. 
IPN was injected subcutaneously immediately after the operation. 

The following drugs were used: 

dl-isopropylnoradrenaline sulfate (Laake Oy, Turku), 

l-adrenaline hydrochloride (Orion Oy, Helsinki) and 

I-noradrenaline bitartrate (Laake Oy, Turku). 

The doses in the text refer to A and NA bases and IPN sulfate. 
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RESULTS 


Blood Pressure. — Cats. When 2-—-150 yg of A and NA (most 
often 5 to 20 ug) were injected, the effect of NA was about twice as 
strong as that of A. When 2--50 ug/kg of IPN was injected (some- 
times as much as 300 ug/kg) the blood pressure fell 30—60 mm Hg 
for a time of 2—8 minutes (Fig. 1). During this fall of blood pressure 





Fig. 1. — Cat, 3000 g, chloralose anesthesia. Blood pressure in carotid artery. 
Adrenaline (A) and noradrenaline (NA) in wg. Between 1 and 2 50 wg/kg of 
isopropylnoradrenaline (IPN) was given twice. Time in 30 seconds. 


A or NA injection could elevate the pressure to the level measured 
before the IPN injection. When the systemic blood pressure was 
again normal or nearly normal the effect of A was increased from 
50 to 200% or even more. However, the effect of NA in the same 
experiment did not change. The potentiation of the A response was 
greater when the IPN was injected several times at 1—2 minute 
intervals. A even smaller amount of IPN in divided doses was more 
efficient than a bigger dose given at once. Decerebration did not 
prevent this effect of IPN. 

IPN increased the blood pressure in the right ventricle (Fig. 2). 
This response was not as constant as the reaction of the systemic 
arterial pressure. In these experiments, where the catheter was in 
the right ventricle, the potentiation of the effect of A on systemic 
blood pressure was often weaker than in animals mentioned above. 
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Fig. 2. — Cat, 2900 g, chloralose anesthesia. Blood pressure in carotid artery 

(lower record) and right ventricle (upper record). Adrenaline (A) in vg. Between 

the traicings 20 uwg/kg of isopropylnoradrenaline was injected three times. 
Time in 30 seconds. 


The decreasing of the diameter of the catheter did not change 
the situation. Neither did IPN consistently increase the A response 
registered in the right ventricle. 

In three experiments A was injected instead the femoral vein 
through a polythene catheter pushed along the left carotid artery 
into the aorta. The effect of IPN on the adrenaline responses elicited 
by either of these ways was the same. 

Rabbits. In doses of 10—100 uwg/kg IPN reduced the blood pres- 
sure in the carotid artery and increased it in the right ventricle 
(Figs 3 and 4). This treatment increased the action of A but not 
at all that of NA. Simultaneously the A response on the pressure 
in the right ventricle was potentiated. The effect of IPN on the A 
responses disappeared usually when the systolic pressure had 
reached the pre-injection level. 

Isolated Cat Heart. — Both the chronotropic and inotropic 
responses of A (0.2—1.0 ug) were potentiated when IPN was present 
in concentrations of 10~° or 10~’ in the perfusion fluid. From 
1, to 14 of the previous threshold dose was enough to give the same 
response as before IPN (Fig. 5). 

After the sensitisation was evident the increase of IPN con- 
centration did not produce any further increase in the A effect. 
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Fig. 3. — Rabbit, 1300 g, urethane anesthesia. Adrenaline (A) in ug. Three 
minutes before isopropylnoradrenaline (IPN) the same dose of IPN was injected. 
Time in 30 seconds. 





Fig. 4. — Rabbit, 2800 g, urethane anesthesia. Blood pressure in carotid artery 
(CA) and in right ventricle (RV). Adrenaline (A) in wg. Isopropylnoradrenaline 
(IPN) 20 ug/kg. Time in 30 seconds. 
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Fig. 5. — Perfusion of isolated cat heart. Adrenaline (A) in wg. At IPN iso- 
propylnoradrenaline 10—® g/ml was added into the perfusion fluid and the 
drum stopped for 5 minutes. Time in minutes. 


IPN itself at the concentrations mentioned had a demonstrable 
positive chronotropic and inotropic action. Especially the latter 
reaction did not last longer than a few minutes although IPN was 
continuously present. 

Rat’s Hinder Portion. —- IPN itself in a concentration of 10~° 
increased the flow of perfusate through this preparation. In a con- 
centration of 10~‘ this action was not clear. The vasoconstriction 
produced by A was strengthened when IPN in these concentrations 
was present. This sensitization was apparent after a 15 to 30 minute 
perfusion and it became stronger with time. NA action was not 
enhanced or only in a minimal degree (Fig. 6). 


| . : "| Ts 


Fig. 6. — Perfusion of rat hinder portion. Adrenaline (A) 1 wg and noradrenaline 

(N) 2g. After the first N isopropylnoradrenaline (IPN) 10—® g/ml was present 

in the perfusion fluid. The numbers refer to the time from the beginning of 
IPN perfusion. Time in minutes. 





Isolated Rabbit Duodenum. -— IPN alone at a concentration of 
10~* had no clear action but it potentiated an A and NA inhibition 
on this preparation. About 14,— ¥, of the previous A dose was enough 
to give the same relaxation as before the application of IPN. The 
potentiation of a NA response was not as clear. The effect of IPN 
was easy to wash out. (Fig. 7) 
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Fig. 7. — Isolated rabbit duodenum. The numbers refer to the adrenaline 
dose in xg. Isopropylnoradrenaline 0.5 wg at IPN. 


Isolated Guinea Pig Seminal Vesicle. —- IPN in concentrations 
of 0.5 x 10~°--2.4 x 10-° had no action of its own but again 
the A response was increased by it from 50 to 100%. The potentia- 
tion seemed to be stronger the stronger the IPN concentration in the 
bath. (Fig. 8). 


Fig. 8. — Isolated guinea pig seminal vesicle; 5 x 10—* g/ml of isopropyl- 
noradrenaline in bath at IPN. The numbers refer to the adrenaline (lose in jg. 





Toxicity. —- Mice. Pretreatment with 25 mg/kg of IPN increased 
the toxicity of subcutaneously administered A (Table 1). The LD5, 
after IPN was less than 6.3 mg/kg while in the control group it 
was more than 8.0 mg/kg. The survival time and physical were 
similar in both groups. Slight pulmonary edema was usually found 
at the autopsy. There were no deaths among six mice after a sub- 
cutaneous IPN dose of 300 mg/kg. 


6 — Ann. Med. Exper. Fenn. Vol. 36. Fasc. 1. 
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TABLE 1 











EFFECT OF ISOPROPYLNORADRENALINE ON THE TOXICITY OF ADRENALINE 
ON MICE 
Adrenaline mg/kg ms Isopropylnoradrenaline Sulfate 
Subcutaneously 25 mg/kg Subcutaneously 
6.3 3/10* 8/10 
8.0 7/17 18/20 
10.0 8/10 

















* Mortality Ratio = No. killed/no. in group. 














TABLE 2 
EFFECT OF ISOPROPYLNORADRENALINE ON THE TOXICITY OF ADRENALINE 
ON RATS 
Isopropylnoradrenaline Sulfate 
Adrenaline mg/kg Controls Subcutaneously 
10 mg/kg | 50 mg/kg 
Subcutaneously 
5.0 2/9* 4/9 5/9 
7.0 5/9 7/9 8/9 | 
Intravenously 
0.05 0/2 
0.10 2/4 0/2 0/2 
0.15 4/8 2/7 2/7 
0.25 8/9 3/9 5/9 




















* Mortality Ratio = No. killed/no. in group. 


TABLE 3 
EFFECT OF ISOPROPYLNORADRENALINE ON THE SURVIVAL TIME AND PULMONARY 
WEIGHT OF RATS AFTER BILATERAL VAGOTOMY. NUMBERS IN EACH COLUMN 
FROM LEFT TO RIGHT REFER TO THE NUMBER OF ANIMALS, (MEAN SURVIVAL 
TIME + MEAN DEVIATION), PULMONARY WEIGHT + MEAN DEVIATION IN 
PERCENTAGE OF BODY WEIGHT 








Survival Time 


Isopropylnoradrenaline Sulfate Subcutaneously 























: ; Controls 
Minutes 10 mg/kg 50 mg/kg 
<100 2 (55430) 1.740.1 |4 (72422) 1.4+40.2|8 (68417) 1.30.3 
100—300 {5 (160+448) 1.54+0.2 |6 (244432) 1.640.3}2 (178472) 0.740 
> 300 3 (24004240*) 1.8+40.1* 








* Excluding one animal living more than 2880 minutes. 
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When A was injected intravenously the result was quite the 
contrary. This was observed in many tests, but because of different 
sensitivities to A the results cannot be tabulated. As an example, 
however, 2.0 mg/kg adrenaline in one experiment killed 78% 
(18/23) of the control animals and 50% (11/22) of those pretreated 
with IPN (25 mg/kg). The pulmonary edema formation was more 
noticeable after an intravenous injection than after a subcutaneous 
administration. The survival time in the control group was, e.g. 
in this specified test, about 10 minutes but after IPN only about 
4 minutes. 

Rats. The results obtained with mice were also demonstrated 
with 120 rats (Table 2). Here the 10 and 50 mg/kg doses of IPN 
were used and both these amounts showed similar trends. Any 
clear reactions after the IPN doses could not be noted. After 
50 mg/kg, however, the animals were a little sluggish. 

Bilateral Cervical Vagotomy. —-- The injection of IPN reduced 
the life-time of the rats significantly, and more so if the dosage 
was increased (Table 3). The lung weight in percentage of the 
body weight was smallest in the group pretreated with 50 mg/kg 
of IPN. In all rats the typically heavy breathing often connected 
with a strong inspiratory crow was noted. Before death bloody 
froth came from the nostrils. At the autopsy strong pulmonary 
edema was observed in most animals. 


DISCUSSION 


The ability of IPN to increase A responses was noted throughout 
the investigation. This was true in some cases only when NA 
action was studied. The failure of IPN to increase responses in 
blood pressure and isolated organ perfusion tests may be explained 
by the mutual affinity of sympathomimetic amines for the same 
»receptor> mechanism. Huidobro ef al. (5) concluded that among 
others A, NA and IPN occupy same hypotensive cellular receptors 
in the vascular territory. It is well known that NA unlike A has 
practically no inhibitory component in the circulatory area. On the 
other hand the affinity of IPN in these tests is most prominent and 
only after large repeated doses is a stimulatory action on blood 
pressure elicited (5). After blocking or desensitizing these inhibitory 
receptors by IPN treatment it is quite natural to expect the poten- 
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tiation of A because more of the A molecules are now able to 
combine with the excitatory receptors. This sensitization by IPN 
at least in the vascular area needs some time as is seen by the more 
successful result when an amount is given in divided doses. In the 
hinder portion of the rat the dependence on time is very clear 
although here the lower temperature may have delayed the effect. 

IPN itself has a positive inotropic and chronotropic effect 
in the heart muscle even in a weaker concentration than A (9). 
Lands (8) has claimed that the sympathetic receptors of the heart 
are not differentiated, but only mediate excitation. Even if the 
heart reaction is only one of excitation we can still assume that 
there are inhibitory receptors, although in some way they are 
neutral. The occupation of these by IPN would explain even the 
potentiation of the A action. That there is a difference between the 
IPN and the A receptors in the heart is supported by the remaining 
sensitivity to A after the desensibilization by IPN present in the 
perfusion fluid. The action on the seminal vesicle may be some 
way similar to that of the heart because the presence of inhibitory 
receptors cannot be demonstrated. 

On the other hand, the action of all these three amines on 
rabbit duodenum is a more or less pure inhibitory one. Even here 
the effect of the IPN potentiation was apparent in the case of A 
but less so when NA was under consideration. However, the action 
of IPN as an A sensitizer was probably the weakest in this prepara- 
tion. 

The toxicity of IPN itself is rather low (IPN hydrochloride 
LD,,, for mice: subcut. 60—75 mg/kg (7) but in our experiments more 
than 300 mg/kg of IPN sulfate, intraperit. 494 mg/kg (2), and 
(LD 49—¢9) 120—300 mg/kg (10), intraven. 77 mg/kg (2); for rats: sub- 
cut. LD,) more than 100 mg/kg (2). In our tests 10 mg/kg for rats 
and 25 mg/kg for mice of IPN sulfate subcutaneously can hardly 
be responsible for the increase of the A toxicity, which, however, 
is not very noticeable (for ref. of A toxicity see f.e. 11). The dose 
of 50 mg/kg of IPN given for rats may have been a contributing 
factor in the toxicity. The A toxicity may be increased as a result 
of its quicker absorbtion from the injection site because of the 
vasodilatation produced by IPN. Huidobro et al. (4) showed that 
on cats after IPN and especially butanefrine, hypotension has 
become hypertension as a result of repeated administrations; 
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further injections of the drug induce tacyphylaxis for hypertension. 
Therefore we do not know whether these high doses of IPN increased 
or decreased the blood pressure of rats. However, there were signs 
of vasodilatation in the skin of rats treated with IPN. 

The ability of IPN to protect mice and rats towards intra- 
venously given adrenaline might be explained by the blocking 
of all receptors concerned with the vascular musculature with IPN. 
Another way to explain this is the »crossed resistance» described 
by Selye (12). He observed that during the counter-shock the 
alarm reaction can prevent adrenaline from producing the charac- 
teristic lung edema in rats. Here it may be considered that the 
alarm reaction is produced by IPN. The pulmonary edema produced 
by vagotomy was, on the contrary, made more serious by the 
bigger dose of IPN when estimated by the survival time. 

Because IPN and A are potent broncholytics and therefore can 
possibly be used on the same patient it would be important to 
know more about the effects which these drugs have on each 
others. Although IPN is rather non-toxic we wish especially to 
point to the right ventricle blood pressure increase after the 
administration of IPN. 


SUMMARY 


In acute experiments isopropylnoradrenaline (IPN) sensitized | 
the systemic blood pressure of anesthetized cats and rabbits to 
the effect of adrenaline but not to the action of noradrenaline. 
This potentiation was not as constant in the-right ventricle. IPN 
itself produced an increase in the right ventricular pressure. 

IPN sensitized isolated cat’s heart to the action of adrenaline. 
It increased in perfused rat’s hind leg preparation adrenaline but 
not noradrenaline response. Isolated rabbit’s duodenum was 
relaxed by adrenaline more after IPN treatment. This effect was 
less obvious if noradrenaline was used. There was a clear potentia- 
tion of adrenaline action on isolated guinea pig’s seminal vesicle, 
when IPN was present. 

IPN treatment decreased in mice and rats the lethal dose of 
subcutaneously administered adrenaline, but it increased it when 
adrenaline was injected intravenously. After bilateral cervical 
vagotomy IPN shortened the survival time of rats. 
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Pulmonary edema is the regular cause of death in laboratory 
animals after bilateral cervical vagotomy (5, 10, 14, 19). However, 
in connection with a previous work (10), it was noted that under 
pentobarbital anesthesia vagotomized rats were susceptible to early 
death without any signs of pulmonary edema. This finding was the 
stimulation for the investigation presented in this paper. In addi- 
tion to the effect of some anesthetics on the pulmonary edema 
the possible role of fasting, sex, age, pregnancy and adrenalectomy 
were studied. 


METHODS 


White rats of both sexes weighing from 50 to 420 g, usually 100—200 g, 
were used. In parallel tests the groups were as homogeneous as possible. 
Mixed food was given until the experiment. The fast in some tests consisted 
of about 15 hrs. during which time only water was given. The operation 
was made in light ether enesthesia. When the effect of sodium pentobar- 
bital (Nembutal, Abbott, 50 mg/kg), chloralose (B. D. H., 60 mg/kg) 
and urethane (1 g/kg) anesthesia was studied, the drugs were injected 
intraperitoneally before the operation and occasionally later in smaller 
doses, about 4—1% of the anesthetic dose. No injections were given later 
than 6 to 8 hours after the vagotomy. Atropine sulfate subcutaneously 
and dihydroergotamine methanesulfonate (Sandoz) intraperitoneally were 
given 20—30 minutes before the operation in some experiments. 


1 At the time of this work a recipient of grant from the Sigrid Jusélius 
Foundation. 
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The age range of the rats of different sizes was between 1 month and 
about 2 years. The experiments with pregnant rats were made 18—21 days 
after mating. Adrenalectomy was performed on rats weighing about 
210 g, one half of which were males and the other females. After the opera- 
tion 2 ml of 0.9%, sodium chloride was injected intraperitonealiy and 
afterwards the animals had a choice of selecting this saline or water. No 
other treatment was necessary for maintaining the animals in apparently 
good health for some days. The vagotomy. was made on the 4th day after 
the adrenalectomy. 

The autopsy was made soon after the death in case the animal died 
within the first 5—8 hrs. The autopsy of animal surviving longer was 
often delayed some hours Lungs were remowed, inspected macroscopically 
and their weight in percentage of weight was calculated. Only some results 
are presented in the tables, because of the differences (produced by a differ- 
ent nutritional state and some possible unknown factors) between the 
control groups in different tests. 

In order to make it easier to see the result of the experiment the form 
of the table is not the same in all cases. As a measure of scatter of surviving 


time and of pulmonary weight percentage the mean deviation (=*) is 
n 


given for the values. 


RESULTS 

Anesthetics. —- The effect of anesthetics is presented by table 1. 
Although in this case the early mortality in the (control) ether and 
pentobarbital groups was about the same there were no signs of 
pulmonary edema in the latter group of animals, which died within 
the first three hours. The surviving time of animals receiving 
urethane and chloralose was longer than that of the ether group. 
Pulmonary edema apparently was the cause of death. These results 
were repeated three times (only one experiment presented in the 
table) and always the tendency was the same between these four 
groups. 

When ether was given for rats receiving at the same time these 
non-volatile anesthetics, the final result was not changed. Therefore 
the possible mucous membrane irritation by ether and subsequent 
mucus formation in the respiratory passages was not the reason 
for the easier edema formation in this group. 

The early mortality of pentobarbital treated rats was a normal 
finding also when none of the controls died within the first three- 
four hours. The survival time of pentobarbital rats was often 
10-15 minutes only. Pentobarbitalized rats not dying within the 
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first 2—3 hrs had a tendency to live longer than controls. There- 
fore, pentobarbital may decrease the pulmonary edema mortality 
like chloralose and urethane. 

The anatomical finding was pulmonary edema, bloody froth 
issued from the cut surface and blood stained mucus was in the 
respiratory ways. After the death the heart and especially the 
auricles were filled with blood. In the pentobarbital group, how- 
ever, the lungs of animals dying quickly were macroscopically 
normal looking and the heart was in systole without any consider- 
able amount of blood in the auricles. 

The dose of pentobarbital evidently was not too much and 
often it was impossible to do the vagotomy without giving a small 
supplementary dose of ether. In fact the same result was obtained 
on animals receiving only half (25 mg/kg) of the pentobarbital dose 
and ether as a supplementary anesthetic. In spite of being quite 
light before the vagotomy, the anesthesia became after the cutting 
of vagi deeper. This happened under all anesthetics tried. 

After vagotomy the sympathetic activity may be relatively 
over-active and the early mortality in pentobarbital anesthesia 
could be supposed to be a result of this disturbed balance. Adreno- 
lytics are effective to prevent the cardiac irregularities produced 
by adrenaline in certain conditions (8, 9). From ten rats pretreated 
with 1 mg/kg of dihydroergotamine methane sulphonate (Sandoz) 
and anesthetized with pentobarbital three succumbed within the 
first hour without pulmonary edema. From as many control rats 
receiving pentobarbital two died in the same time interval and 
without visible pulmonary symptoms. All others from both groups 
died later with pulmonary edema. Although in this case the early 
mortality in the control group was low, it seems that dihydroergot- 
amine was not able to prevent the cause of the early death of some 
animals. This may be compatible with the possibility of the respira- 
tory rather than the cardiac failure, which in fact was the impression 
given by the physical symptoms. 

Atropine. -- The foam collected in the respiratory ways plays 
an important part in the development of pulmonary edema (7). 
Atropine has a strong inhibitory effect on the secretion of mucus 
in the bronchiales in normal animals. Notable because of its anti- 
cholinergic property it has been tried in various kinds of experi- 
mental pulmonary edemas (see 13). 
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When 0.1, 1.0 and 10.0 mg/kg of atropine sulphate was given 
to rats there was no evident difference in mortality and pulmonary 
weight after the two smaller doses when compared with the control 
groups. This result was repeated in three consecutive tests 
consisting of 20 animals (devided into 4 groups) each. At the same 
time the dose of 10.0 mg/kg regularly lengthened the survival time. 
The same kind of effect was demonstrated in one experiment where 
50.0 mg/kg of atropine was injected. The result of this test and 
a typical one after 10.0 mg/kg are presented in table 2. 

Age and Sex. —- The reaction of body to some drugs and to the . 
change of external circumstances depends often on the age and/or 
sex. The effect of these factors on pulmonary edema produced by 
vagotomy was studied on a group of animals presented in table 3. 
The survival time was long, seemingly because of the previous 
fast (see below) and in spite of a couple of earlier deaths among the 
older animals there are no clear differences. The lung weight in 
older animals usually did not reach the high values measured in 
younger rats after vagotomy. Neither has the sex any apparent 
influence. 

Adrenalectomy. —- One may expect that vagotomy produces 
a situation of stress and as a consequence of that adrenals might 
have some role in the development of pulmonary edema. From 
eleven adrenalectomized rats 5 died within the first 5 hours (mean 
surviving time 3.1 + 0.9 hrs), one in 10 and one in 17 hours. From 
as big a control group 5 died in seven hours (mean surviving time 
4.4 + 2.0 hour) and two in 10--12 hours. The other animals in 
both groups were decapitated 24hrs after the vagotomy. No obvious 
difference in the pulmonary weight was noted. 

Fast. —- During the course of the investigation we noted several 
times, that the survival time of rats that were not fasted before the 
experiment, was shorter than that of the fasted ones. The result of 
one of the parallel tests on animals that were fasted and those that 
were not is presented in table 4. 

In order to see whether the intestinal content was mechanically 
responsible for this difference, 4 or 8 ml of barium sulfate suspension 
(1 g BaSO, mixed with 1 ml water) were injected through a catheter 
into the stomach just before the operation. In all three experi- 
ments, where barium sulfate was given to 10— 12 rats each, the 
survival of the pretreated animals was shorter than that of the 
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No signs of pulmonary edema. 


after vagotomy. 


§ Killed 27 hrs. 
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control rats that were fasted (Table 4). The mean surviving time, 
however, was always more than that of the non-fasted control rats. 

To abolish the effect of possible hypoglycemia developed during 
the fast, 1 ml/100 g of 50% glucose was injected intraperitoneally 
to 20 fasted animals altogether. No shortering of the survival time 
was produced by this treatment. 

Pregnancy. — Pregnancy also modifies the reaction of the body 
to certain drugs. For instance, pregnant guinea-pigs were less 
susceptible to pulmonary edema produced by intravenous adren- 
aline (11). 

From eleven pregnant rats that were not fasted, eight died within 
the first 4.5 hours (mean 2.6 + 1.2 hrs) and from nine non-pregnant 
controlrats six succumbed within the same time (inean 3.1 + 
1.1 hrs). The other three animals in both groups lived more than 
24 hours. 

Four from five of the pregnant rats that had been fasted died 
before three hours had elapsed from the vagotomy (mean 2.1 + 
(0.6 hrs) and the remaining one in 18 hours. We never had in terms 
of percentage so high a mortality in so short a_ time after an opera- 
tion on animals that had been fasted. In the parallel test on non- 
pregnant rats one died in 5 hours and the remaining five lived 
longer than 18 hours. Pregnancy seems to shorten the survival time 
when fasted animals are compared. 


DISCUSSION 


The reason for the early mortality without pulmonary edema 
symptoms in our pentobarbitalized rats is not clear. The ineffec- 
tivity of dihydroergotamine to prevent it, speaks against the cardiac 
failure produced in form of ectopic rhythms by the possible sym- 
pathetic overactivity after vagotomy in these rats. However, it does 
not exclude the possibility of myocardial failure. 

If respiratory paralysis could have been the cause of death, 
it is difficult to explain why the same did not happen under urethane 
and chloralose anesthesia. All these agents depress the respiratory 
center (2) and especially in urethane animals the respiratory move- 
ments seemed to be superficial. It may be that the deepening of 
anesthesia and at the same time respiratory center after vagotomy 
is stronger in pentobarbitalized than in others. We also have to 
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keep in mind the direct depressing action of barbiturates on the 
function of the peripheral motor system (16). However, the compar- 
atively long survival time of some animals, beyond the first 
couple of hours, speaks against the role of muscular »fatique» in 
the early mortality. 

All animal groups which were treated with these non-volatile 
anesthetics and which were dying in pulmonary edema had a ten- 
dency to survive longer than the control ones. In vagotomized rab- 
bits phenobarbital had a pronounced inhibitory effect on pulmonary 
edema produced by infusion of large amounts of saline, but allo- 
barbital was ineffective (3). Anesthetics, especially barbiturates in 
experimental pulmonary edema of different origin protect the 
animals or are without any effect as discussed by Poulsen (12). 
The inhibitory effect is usually presumed to be due to a depressant 
action on the central nervous system. The role of central and 
nervous factors in pulmonary edema produced in different ways is 
most probable (for. ref. see 4) and especially in the case of bilateral 
vagotomy (15). It is worth noticing that even under pentobarbital 
anesthesia the survival time of animals dying in pulmonary edema 
was longer than that of the control ones. 

Rats are resistent to atropine (18) and it may be so that our 
two highest doses can be considered as »therapeutic» ones. The 
protective action of atropine on various kinds of lung edema 
cannot be explained by its anticholinergic properties alone. Atropine 
had a protecting action against adrenaline induced pulmonary 
edema in rabbits whether vagotomised (1) or not (6, 17) but it was 
ineffective in mice (13). We have to assume that both adrenaline 
injection and vagotomy are likely to induce, at least in some 
aspects, similar responses in the cardio-pulmonary area. Whether 
atropine decreased the secretion in the respiratory ways and 
therefore lengthened the survival time could not be answered. For 
further referances see the paper of Poulsen (13). 

That an overnight fast renders rats resistent to lung edema is 
an important thing to know, at least when experimental edema of 
this kind is studied. If the slightly increased susceptibility to edema 
of barium sulfate treated rats is a result of the increased pressure 
from the site of viscerals to diaphragma, even much shorter time 
without food may change the result considerable. Does the nervous 
activity during the time of digestion favour the formation of edema? 
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The hypoglycemia of rats that have been fasted was probably not 
the reason for resistance, because glucose treatment was more 
likely to increase than decrease the living time. Our glucose dose, 
however, may be regarded as being unphysiologically high. 

We could not see any differences between sexes but the earliest 
deaths happened among the oldest animals. During the last days of 
pregnancy the rats were not resistent to lung edema like guinea 
pigs were to pulmonary edema caused by adrenaline (11). On the 
contrary it seems that fasting does not make pregnant rats resistent 
to edema formation. The role of adrenals in the development of 
pulmonary edema after vagotomy does not seem to be of any great 
importance. 


SUMMARY 


Sodium pentobarbital, chloralose and urethane in anesthetic 
doses increased the survival time of rats after bilateral vagotomy 
when compared to animals given only ether at the time of the 
operation. However, about one third of pentobarbital animals died 
shortly after vagotomy without any signs of pulmonary edema. 
This early mortality was not prevented by dihydroergotamine 
(1 mg/kg) nor by decreasing the dose of pentobarbital. 

Atropine had only in high doses (10 and 50 mg/kg) some in- 
hibitory effect on the development of pulmonary edema. 

When rats had been fasted overnight their survival time was 
clearly longer than that of the non-fasted ones. The filling of the 
stomach with barium sulfate shortened in some degree the life- 
time of the animals that had been fasted and the administration 


of glucose had no evident effect. 

There were no clear differences between fasted rats of different 
sexes and ages. The fast did not seem to lengthen the survival time 
of pregnant animals. The adrenalectomies did not have any 
effect on the development of pulmonary edema. 
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EFFECT OF GLYCYRRHETINIC ACID ON THE 
ADRENAL CORTEX 


ANIMAL EXPERIMENTS 


by 
EINO LINKO and RAIMO VASAMA 


(Received for publication January 11, 1958) 


In animal experiments and clinical studies it has been established 
that glycyrrhetinic acid and its glucoside glycyrrhizinic acid exhibit 
properties which greatly resemble those of desoxycorticosterone. 
These biologically active components of licorice promote reten- 
tion of sodium chloride and water in man (1,10) and have been 
used with advantage in substitution therapy of Addisons disease 
(2, 4, 7, 11). This electrolyte-regulating effect has also been demon- 
strated in animals (8), but the compound has not been found ade- 
quate enough to keep adrenalectomized animals alive (2,5). 

Glycyrrhizinic acid decreases the excretion of 17-ketosteroids 
in man (9) and effects adrenal atrophy in guinea pigs (3). It has 
furthermore been found that rats receiving ammoniated glyc- 
yrrhizin prior to histamine stress test show a marked decrease in 
adrenal ascorbic acid depletion (8). These latter observations 
suggest that glycyrrhizinic acid may exert an inhibitory effect on 
the pituitaryadrenal system resembling that of corticosteroids. 

The purpose of the present study was to determine the effect 
of glycyrrhetinic acid on the histological structure of the adrenals 
in the rat. Also the urinary excretion of sodium and potassium after 
feeding the above compound has been followed. 
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MATERIAL AND METHODS 


The test animals were 36 male albino rats which were grouped as 
shown in Table 1. 

















TABLE 1 
— vais Initial Final ie Mean Weigh of 
Group Treatment of of wend sae in 5 ng as 
Treat- | Animals| “°8h*) Welht! weignt MEI" 8 OF Final 
ment 8 8 g — 
1 Control 14 days 10 221 230 + 9 8.6 
2 600 mg Gl.acid * 10 days 4 250 266, +16 8.7 
3 1225 mg Gl.acid * 8 days 4 308 326 +18 9.1 
4 1760 mg Gl.acid * 8 days 5 180 216 +36 10.5 
5 Nephrectomy + 1% 
NaCl 14 days 5 = 280 a 9.8 
6 Nephrectomy + 1% 
NaCl + 2220 mg of 
Gl.acid.* 14 days 4 329 315 —14 10.0 
| 17.5 mg of Doca** per 
animal 7 days 4 318 358 +40 if ee 





























* Total amount of glycyrrhetinic acid (Gl. acid) per 100 g of body weight 
given during treatment. 

** Total amount of desoxycorticosterone acetate (Doca) given to each animal 
during the treatment. 


The glycyrrhetinic acid was administered as an aqueous sus- 
pension through a thin polythene tube directly into the stomach. 
In group 6 the acid was given as a suspension in 1 per cent sodium 
chloride. The dose volume was 5 ml in all cases. In group 2 the 
amount of the acid administered was 100 mg on each of seven days 
and 300 mg on the eight to tenth days. In group 3 a 500-mg dose 
was given daily. In group 4 two 100-mg doses were given on the 
first seven days and two 500-mg doses on the eight day. 

The animals of groups 5 and 6 were subjected to unilateral 
nephrectomy and then allowed to drink 1 per cent sodium chloride 
solution ad libitum. The animals of group 6 were given in addition 
900 mg of glycyrrhetinic acid daily. 

The animals of group 7 were given intramuscularly 2.5 mg of 
desoxycorticosterone acetate (»Organon») as a single daily dose. 

All experimental animals were fed a standardized diet during 
the test period. 
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The weights of the animals were recorded during the test periods. 
In groups 3 and 7 the diurnal urine excretion was measured and 
the urinary sodium and potassium were determined (Table 2). 


TABLE 2 
Group 3 














Treatment 


Urine 
Volume 
ml 


Urinary 
Sodium 
mg % 


Urinary 
Potassium 
mg % 


Body 
Weight 
a 








Killed 





387 


264 











399 


382 





308 


326 


316 


314 





Group 7 








Treatment 





Urinary 
Sodium 
mg% 


Urinary 
Potassiuri 
mg % 


Body 
Weight 








Killed 





17.5 


695 


382 


384 








640 


390 





348 


348 
358 





The values are mean values per animal 
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The animals were killed with a blow on the neck without narco- 
sis on the day following the last administration of glycyrrhetinic 
acid. The adrenals were removed, freed carefully from adhering 
fat and weighed on a torsion balance. One of the adrenals was fixed 
in neutral 4 per cent formaldehyde, 30 wu frozen snits were made and 
stained with Sudan III. The other adrenal was fixed in Hellys 
solution during 6 hours, and the paraffin snits (7 «) were stained 
with Hemalum-eosin. 


HISTOLOGICAL FINDINGS 


Sudan Staining. Control Group. — In the adrenal glands of the 
control animals the zona glomerulosa was in general fairly uniformly 
and strongly stained red. In some cases smaller unstained areas 
were seen but these were rare. The unstained transitional zone 
(sudanophobic zone) separated the zona glomerulosa from the fascic- 
ulata, which latter, like the glomerulata, was strongly stained 
red; this applied in particular to its outer layers, the inner layers 
being somewhat less strongly stained. In the zonareticularis only 
an occasional stained cell was observed (Fig. 1). 

Test Groups. — Of the adrenals of the animals that were 
given glycyrrhetinic acid those of Group 2 differed only slightly 
from the controls in the staining of the lipids, although unstained 
areas were somewhat more often seen in the zona glomerulosa. In 
group 3 (Fig. 4) and Group 4 (Fig. 2) the glomerulosa was 
appreciably less strongly stained. Isolated lipid-containing cells 
were distinguished in appreciable number, but uniformly stained 
areas were infrequent. 

The Figures 2 and 4 show selected areas where the Sudan staining 
is strongest in the glomerulosa. The sudanophobic zone can be 
distinguished less clearly in some areas but generally merges with 
the unstained former. In the adrenals of Groups 5 and 6 the 
sudanophilic material was almost completely absent from the 
glomerulosal zone, only a few isolated cells being stained. The sudan- 
ophobic zone could be distinguished with difficulty in only a few 
places (Fig. 3). In the animals of Group 7 that were given desoxy- 
corticosterone acetate a marked depletion of sudanophilic material 
was observed in the glomerulosal zones of the adrenals of these 
animals (Fig. 5) while the amount of sudanophilic material was 
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Figs. 1—6. — Frozen sections 30 microns thick stained with Sudan III. 
Fig. 1. — Control. The glomerulosal zone is wide and strongly stained. The 
sudanophobic zone is clearly evident. 

Fig. 2. — Group 4. Glycyrrhetinic acid administered. The glomerulosal zone 


is weakly stained. The sudanophobic zone is indistinct. 

Fig. 3. — Group 6. Nephrectomy + 1% NaCl + glycyrrhetinic acid. The 
glomerulosal zone is practically unstained and the sudanophobic zone cannot 
be distinguished. 

Fig. 4. — Group 3. Glycyrrhetinic acid administered. Occasional stained areas 
seen in glomerulosal zone. Near these stained areas a narrow sudanophobic 

zone can be distinguished. 

Fig. 5. — Group 7. Desoxycorticosterone acetate administered. Only small 
stained areas and isolated stained cells are seen in the glomerulosal zone. The 
sudanophobic zone merges with the unstained glomerulosal zone. 

Fig. 6. — Group 7. Desoxycorticosterone acetate administered. The glomeru- 
losal zone is wide and the most strongly stained of the zones. A narrow transi- 

tional zone can be distinguished. 
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so large in the adrenal of one animal that the zona glomerulosa was 
more strongly stained than in the controls (Fig. 6). In general the 
sudanophobic zone could not be distinguished in the adrenals of the 
first three animals and it was narrower than normal in the last case. 

No appreciable differences in the staining of the fasciculata and 
reticularis were noted between the test-and control animals. 

Hemalum-Eosin. Control Group. — Large numbers of vacuoles 
of fairly small size were seen in the plasma of the cells of the glom- 
erulosal zone in the adrenals of the control animals. Also cells with 
dense plasma containing no vacuoles were observed in the zone, 
but they were few in number. Usually a transitional zone con- 
sisting of eosin-stained cells with dense plasma separated the 
glomerulosa and fasciculata, but sometimes the zone was not con- 
tinuous (Fig. 7). The cells of the zona fasciculata were much larger 
than those of the transitional zone, had large vacuoles and con- 
tained a small amount of reticulous plasma between the vacuoles. 
The cells of the reticularis had a fairly dense plasma and the single 
vacuoles found in them were small in size. 

Test Groups. — The adrenals of the animals of group 2 which were 
given glycyrrhetinic acid did not differ morphologically from the 
controls, but those of groups 3 and 4 (Fig. 10 and 8) differed clearly. 
In the latter two groups the glomerulosal zone consisted of smaller 
than normal cells with, usually, dense plasma. Evidently owing 
to this the nuclei were seen in higher numbers than normally in 
this region. A transitional zone similar to that in the controls was 
not seen, although sometimes cells with dense plasma that were 
larger than those in the glomerulosal zone were located between 
the glomerulosa and fasciculata, but these did not form any 
clearly defined zone, but occurred isolated or in small groups. A 
large number of pyknotic cells was seen in the glomerulosal zone. 
The changes observed in group 5 resembled the former, while in 
group 6 the cells of the glomerulosal zone were very small in size 
and the zone as a whole seemed to be narrower. Vacuoles were only 
rarely seen in the cells which had dense plasma and were strongly 
stained by eosin. The nuclei were darker in colour than normally 
and pyknotic cells were found in fairly high numbers. No transitional 
zone was distinguished (Fig. 9). Three of the animals of group 7 
who were given desoxycorticosterone acetate showed very small 
cells containing dense plasma in the glomerulosal zone (Fig. 11). 
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Figs. 7—12. — Paraffin sections. Hemalum eosin. 


Fig. 7. — Control. The cells of the glomerulosal zones contain small vacuoles. 
A transitional zone consisting of cells with dense plasma separates the glomer- 
ulosal and fascicular zones. 


Fig. 8. — Group 4. The glomerulosal cells have no vacuoles and the number of 
nuclei seems to have increased. The transitional zone cannot be distinguished. 
Fig. 9. — Group 6. The glomerulosal cells have dense plasma and the nuclei 
are pyknotic. No transitional zone evident. 
Fig. 10. — Group 3. The glomerulosal cells are mostly small and have dense 
plasma. Also a few cells with small vacuoles are visible. No transitional zone is 
seen. 


Fig. 11. — Group 7. The glomerulosal cells are for the most part small. A few 
cells with vacuoles are found. The boundary between the glomerulosal and 
fascicular zones is indistinct. There is no transitional zone. 

Fig. 12. — Group 7. The glomerulosal cells containing numerous vacuoles and 
small cells with dense plasma are seen only under the capsule. The few cells 
with dense plasma seen between the zona glomerulosa and fasciculata evidently 
represent a transitional zone. 
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Vacuoles were seen only rarely. Between the glomerulosa and 
fasciculata eosinophilic cells larger than the preceeding were seen. 
These evidently represent a transitional zone. Pyknotic cells were 
found in higher than normal frequency in the glomerulosal zone. 
In one of the cases (Fig. 12) where the sudanophilic material in the 
glomerulosal zone had increased, the cells of the zone stained by 
hemalum-eosin were generally large in size and contained numerous 
small vacuoles. The cells in the outer layers of the zone near the 
capsule had dense plasma and were eosinophilic. Small cells with 
dense plasma were located between the glomerulosa and fascic- 
ulata and obviously represent a transitional zone and occurred 
histologically in the same region where the sudanophobic zone was 
seen in Sudan staining. 

No differences in the fasciculata and reticularis were observed 
between control and test groups. 


DISCUSSION 


Changes were noted in the histological appareance and lipid 
content of the glomerulosa zone in the adrenal cortex of the animals 
which were given glycyrrhetinic acid: A marked depletion of the sud- 
anophilic material in the glomerulosal zone and simultaneous changes 
in the morphology of the cells suggested an inpaired function. In 
these animals the boundary between the zona glomerulosa and fascic- 
ulata had generally become more diffuse and the transitional zone 
that was clearly evident in the control adrenals was only seldom 
distinguished and even then it was indistinct. It thus seems that 
glycyrrhetinic acid affects also this part of the adrenal cortex. In 
magnitude the histological changes effected experimentally seem 
to be clearly dependent on the amount of glycyrrhetinic acid 
administered since the changes noted in Group 2 were much smaller 
than those in Groups 3 and 4 which were given larger doses. 

In the nephrectomized animals of Groups 5 and 6 clear atrophic 
changes were noted in the glomerulosay zones of the adrenal cor- 
tices as compared with those of the controls. The histological 
changes were somewhat more pronounced in Group 6, which suggests 
that glycyrrhetinic acid promoted the atrophic changes. 

A comparison of the histological changes that occurred in the 
glomerulosal and transitional zones in the adrenals of the animals 
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that were given glycyrrhetinic acid (groups 2, 3, 4, and 6) with 
those in the adrenals of the animals which were given desoxycorti- 
costerone (group 7) revealed that with one exception the changes 
were similar. 

Atrophy of the glomerulosal zone of the adrenal gland did not 
become apparent as a decrease in the weights of the gland: on the 
contrary, the weights of the glands were somewhat higher in the 
animals that had been given glycyrrhetinic acid than in the controls 
(Table 1). 

A clear decrease in sodium excretion was observed in Group 3 
which was correlated with the weight increase of the animals and 
evidently also with the water retention during the test period. 
This result is analoguous to that observed in Group 7 which was 
given desoxycorticostrone and also with the results relating to 
sodium retention in rats reported by Kraus (8). A fairly clear 
increase occurred in the potassium excretion in Group 3, whereas an 
unexpected decrease was observed in Group 7. 

The histological changes resulting from the administration of 
glycyrrhetinic acid conform with the results of Sarason (12), Greep 
and Deane (6) and Selye and Stone (13) who observed depletion 
of sudanophilic material and atrophic changes in the glomerulosal 
zone of the adrenal cortex in test animals after administration of 
desoxycorticosterone. 

The histological findings also confirm the prevailing opinion 
based on results obtained using different methods by Louis and 
Conn (9) and Kraus (8) that glycyrrhetinic acid has an inhibitional 
effect on the pituitary-adrenal system. 

In the present study an aqueous suspension of glycyrrhetinic 
acid was introduced directly through a polythene tube into the 
stomachs of the animals and the daily dose given varied from 
200 to 1000 mg. The experimental animals were in good health 
during the test period, no gastrointestinal or other externally 
visible disturbances being noted. Despite the large doses the in- 
creases in weight of the animals, which obviously resulted from reten- 
tion of sodium chloride and water, were fairly moderate. This finding 
does not conform with the results of earlier investigations in which 
3—4 grams of mono-ammonium glycyrrhizinate have been found 





to induce definite clinical and endocrinological responses in humans. 
The reason for this discrepancy is unknown to us. It may, 
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however, be suspected that special characteristics of the animals 
used in the present experiments may have influenced the results 
or that the resorption of glycyrrhetinic acid differs from that of 
mono-ammonium glycyrrhizinate which has been employed in 
most of the earlier investigations. Work in progress may be ex- 
pected to clarify this latter point. 


SUMMARY 


The effect of glycyrrhetinic acid on the histology of the adrenal 
gland has been studied in male albino rats. In view of previous 
findings the mineralocorticoid-like action of the acid has been 
examined by following the urinary excretion of sodium and potas- 
sium in two of the test groups. 

It was established by means of morphological examinations 
and lipid staining methods that glycyrrhetinic acid has a similar 
effect on the zona glomerulosa, and also to some extenton the tran- 
sitional zone, as desoxycorticosterone. 

No changes were found in the fasciculata and reticularis. 

The histological findings confirm the previously presented 
opinion that glycyrrhetinic acid exerts an inhibitional action on 
the pituitary-adrenal system. 

The excretion of sodium decreased and that of potassium in- 
creased at the same time as the body weights of the test animals 
increased following the administration of glycyrrhetinic acid. 


Acknowledgement. — The pure glycyrrhetinic acid was prepared and 
placed at our disposal by Messrs. Leiras, Pharmaceutical Manufacturers, 
Turku, to whom we wish to express our thanks. 
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BLOOD BUFFER CAPACITY IN SEVERE CHRONIC 
ANEMIAS 


by 
EINO LINKO 


(Received for publication January 31, 1958) 


It is a well-known fact that the buffer capacity (B.C.) of the 
blood is primarily determined by its hemoglobin content (Hb). 
Thus, for instance, when the Hb content is 16 g/100 ml, it accounts 
for about 80 per cent of the buffer capacity of whole blood (1, 2). 

In earlier studies of the dependence of the blood buffer capacity 
on the Hb content, the determinations have chiefly been made in 
animal experiments or on blood of humans after surgical opera- 
tions where a relatively acute anemia has resulted from loss of 
blood (3, 7—10). On the other hand, in some patients with chronic 
anemias the blood B.C. values recorded have been higher than 
would have been expected on the basis of the actual Hb contents (8). 
The contribution of the plasma to the buffer capacity has been 
observed to increase as the hemoglobin content diminishes (5). 

The present study was undertaken to determine the buffer prop- 
erties of the blood in a series of patients with chronic, mostly very 
severe, but not posthemorrhagic, anemias. 


MATERIAL AND METHODS 


The 40 patients studied had primary or secondary anemias with hemo- 
globin values ranging from 4.2 to 10.0 g/100 ml, for which they had been 
admitted to the University Medical Clinic of Turku. The control group 
consisted of 15 convalescents with hemoglobin contents between 12.5 and 
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15.5 g/100 ml. The blood samples for the buffer capacity determinations 
were taken before the patients had been subjected to specific treatment 
for anemia or had been given infusions that might have altered the buffer 
capacity of the blood. 

The buffer capacities of the samples were determined by the poten- 
tiometric titration method used by most of the previous investigators 
(5—10). The potentiometric readings were accurate to 0.002 pH unit. The 
potentiometer was checked before and after each titration of the blood and 
plasma samples against an acetate buffer of pH 6.50. 

The determinations were made on 1-ml volumes of whole blood or 
plasma. The samples were collected under liquid paraffin and a part was 
centrifuged, also under paraffin, to separate the red cells from the plasma. ° 

In the present study the pH values of the 1-ml samples were deter- 
mined before and after the addition of 0.1 ml of N/10 hydrochloric acid and 
the buffer capacities computed from the following modification of van 
Slyke’s equation (6): B.C. = sil i where pH, is the value before, 

1—P He 
and pH, the value after the addition. When the determinations could not 
be made immediately after the samples were taken, the latter were stored 
in a refrigerator (at + 4°C), but no longer than four hours. It has been 
shown previously that the buffer capacities do not change during this 
storage when the samples are covered with liquid paraffin (5). 

In the determination of the maximal and minimal buffer capacities 
of whole blood and plasma, decinormal hydrochloric acid and sodium 
hydroxide solutions were employed. All the determinations were carried 
out at a constant temperature of 20°C. 


RESULTS 


The mean values of the main components of the blood that 
determine the buffer capacity are given for the patients of the pre- 
sent series in Table 1. The mean buffer capacity of the isolated 
plasma is seen to amount to about half of the mean buffer capacity 
of the whole blood. 

The calculated values of the coefficients (r) of correlation show 
not only that, as expected, the buffer capacity is highly significantly 
correlated with the hemoglobin content (r, = + 0.69), but also 
that low hemoglobin values are associated with the lowest plasma 
buffer capacities (r, = + 0.55). The coefficients r, and r, indicate 
the correlation of the plasma buffer capacity with the CQ, com- 
bining capacity and the protein content, respectively. 

The variation of the buffer capacities of whole blood and plasma 
samples when decinormal hydrochloric acid or sodium hydroxide 
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TABLE 1 
MEAN VALUES OF THE PRIMARY BUFFERING FACTORS OF THE BLOOD IN THE 
ANEMIA GROUP (40 CASES), AND VALUES OF COEFFICIENTS OF LINEAR CORRELA- 
TION (fr) BETWEEN SOME OF THESE FACTORS 








Hb eontent CeN00G) aves cess swice sees ees 7.12 + 0.30 
Plasma CO, combining capacity (vol. per cent) .. 46.90 + 0.70 
Plasma proteins {per Cent), .......6.000s002000% 6.75 + 0.16 
Buffer capacity of whole blood ................ (2.68 + 0.08) x 10-2 


Buffer capacity of plasma = ........ cc seccsscees (1.31 +°0.03) x 10-2 


Correlation between Hb and B.C. of whole blood r, = + 0.69 *** 





> Hb and B.C. of plasma .... rg = + 0.55*** 
> CO, comb. capacity and B.C. of 

SOLESGNATER' (6 So. seie oo os was Ge rz = + 0.41** 
D protein content and B.C. of 

“OES CY i ee ae eer r, = + 0.52*** 
** significant *** highly significant. 


was added, is shown for the anemia and the control groups in Figs. 
1 and 2. The titrations with sodium hydroxide were performed 
only to illustrate typical forms of buffer capacity curves. The 
most important sections of the curves are those within the 
physiological range of pH variation, particularly on the acid side. 


DISCUSSION 


The dependence of the buffer capacity of whole blood on the 
hemoglobin content is a well established fact and requires no further 
comment. It is, however, of some interest to note that although 
most of the patients suffered from very severe anemia, the buffer 
capacity was nevertheless highly correlated with the hemoglobin 
content. 

The plasma buffer capacity and the hemoglobin content were 
positively correlated, low Hb contents being associated with low 
plasma B. C. values. This may seem paradoxical and appears to 
contradict earlier observations. One would have expected that a 
severe hemoglobin deficiency would have been compensated by 
an increase in plasma components to restore the buffer capacity of 
the blood. It is obvious that in the patients of the present series the 
absolute values of the plasma buffer capacity had diminished from 
the normal as a result of the actual disease leading to the anemia. 

Since, however, the hemoglobin content, the main factor deter- 
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Fig. 1. — Mean titration curves for whole blood and plasma in a group of 12 
anemic patients. Mean Hb content 6.2 g/100 ml. 
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Fig. 2. — Mean titration curves for whole blood and plasma in the control 
group (15 cases). Mean Hb content 13.6 g/100 ml. 
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mining the buffer capacity of the blood, underwent an even greater 
relative decrease, the relative contribution of the plasma to the 
buffer capacity of the blood increased as the hemoglobin content 
decreased. Hence the present result does not contradict the pre- 
viously reported results (5). Since the relative proportion of plasma 
in the blood increases in all severe forms of anemia (the hemato- 
crit values decrease) a natural consequence is that the contribution 
of the plasma to the total buffering action also increases. 

Various other physico-chemical factors also influence the buffer 
capacity of the blood. Among these are the dissociation constants of | 
the buffering components. 

The titration curves which are based on measurements carried 
out in vitro and at a temperature of 20°C cannot correspond exactly 
to the physiological conditions within the organism. Temperature 
has a considerable effect on the pH level and this effect varies with 
the nature of the solution and will therefore also affect the titration 
curves to some extent (4). 

The curves presented clearly indicate, however, that even a 
slight change in pH in the acid direction produces a considerable 
rise in the buffer capacity of both the whole blood and the plasma. 
The curve illustrating the variation of the buffer capacity of the 
whole blood with pH in the group of anemic patients is closely simi- 
lar in form to that for the control group, but runs much lower, 
whereas the curves showing the variation of the buffer capacity 
of the plasma are identical both in form and level in both groups. 

The various components of the blood that possess buffering 
properties have different dissociation constants and their buffering 
capacities have maximum values at different pH levels. This is 
shown by the presented titration curves. The individual contri- 
butions of the different components and their synergistic action in 
maintaining a physiologically optimal pH level in the blood could not 
unfortunately be evaluated by the present method of investigation. 

In severe chronic anemias, the absolute value of the buffer 
capacity of the plasma does not undergo a compensatory increase; 
on the contrary, it decreases in a degree that depends on the nature 
of the primary disease. It is obvious, however, that by virtue of 
their buffering properties different components of the blood may 
be able, within certain limits, to compensate for a deficiency of 


other components. 
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These observations may offer an explanation for the relatively 
high buffer capacity values recorded by some investigators (8) for 
patients with severe forms of anemia, which values have not con- 
formed with those calculated on the basis of the hemoglobin con- 


tents. 
SUMMARY 


The buffer capacities of whole blood and plasma samples from 
40 patients, most of them suffering from severe chronic anemias, 
have been determined by potentiometric titration. 

As found in earlier investigations, the buffer capacities of 
whole blood and plasma were found to vary with the contents of 
their main buffering components. 

The absolute value of the plasma buffer capacity was found to 
decrease with the hemoglobin content of the blood. This decrease 
in the plasma buffer capacity was considered to be determined by 
the nature of the primary disease in each case. Since the hemo- 
globin contents had generally decreased relatively more, the con- 
tribution of the plasma buffer capacity to the buffer capacity of the 
whole blood had increased. 

Titrations revealed that the buffer capacities of the whole blood 
and plasma varied considerably with the actual pH level of the blood. 

The deficiency of the major buffering components of the blood 
in severe anemia may be compensated to some extent by an in- 
crease in the buffering action of the whole blood and plasma when 


the pH value decreases. 
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UROPEPSIN EXCRETION 


A STUDY OF PATIENTS WITH GASTRODUODENAL ULCER IN RESPECT 
OF THE TIME OF THE DAY 


by 
K. KOSKI, J. L. KALLIOMAKI, and S. J. VIIKARI 


(Received for publication January 14, 1958) 


Uropepsin has received considerable attention for several dec- 
ades. This proteolytic enzyme, which is active in the acid pH 
range, enters the blood direct from the gastric mucous membrane, 
and is then secreted into the urine by way of the kidneys. In all 
probability it is identical with gastric pepsinogen. The normal 
excretion of uropepsin into the urine is considered to be 20—40 
uropepsin units/hour [Sylvest (10)]. Variations in the uropepsin 
excretion may be attributed to causative factors of a fairly wide 
range. In good many cases there is to be found some condition of 
stress which increases the excretion of uropepsin. The stress need 
not be emotional, though it very often is of that nature, but may 
be physical of hormone-induced. 

Gray and co-workers [1956 (5)| found high levels of uropepsin 
excretion in patients with gastroduodenal ulcers, in Cushing’s 
disease with adrenal and pituitrin hyperactivity, and in conditions 
of acute and chronic stress. An increase in the excretion is also 
brought about by ACTH. Viikari and Castrén [1956 (12)] studied 
uropepsin excretion in patients with dumping-syndrome. The 
excretion level in patients with postoperative symptoms was higher 
than that established for patients without any postoperative symp- 
toms. Viikari and Klossner (13) also found that patients with these 
postoperative symptoms are generally vaso- or neurolabile, and 
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that they frequently suffer from »chronic stress». The effects of 
operative stress on the excretion of uropepsin have been studied, 
among others, by Grugni [1955 (6)]. He observed a definite increase 
in the excretion. The highest level was reached at 78 hours after 
the operation; after 96 hours the figures were level with those 
before the operation. Spiro and co-workers [1950 (9)] established a 
clearly increased uropepsin excretion following administration of 
ACTH and cortisone. No excretion of uropepsin was detected by 
them after total gastrectomy. A similar state was also observed in 
pernicious anemia and in gastric atrophy; conditions with no or 
with a very defective function of the gastric glands. Other writers 
as well have thrown light upon these questions (5, 7, 14). 

The influence of testosteron on uropepsin excretion was studied 
by Balfour [1956 (1)], who found that the hormone increased the 
excretion very strongly. Using compound E-hormone Spiro and 
co-workers (9) effected a rise in the excretion in cases of adrenal 
insufficiency. Bridgewater and co-workers (2)showed again that the 
excretion was clearly of higher extent in men than in women. They 
also arrived at higher figures for adults than for children. Vago- 
tomy (14), rauwolfia-alkaloids (4), histamine, and insuline (8) have 
not been found to influence the uropepsin excretion. In gastric 
ulcer patients there is a close correspondence between the HCl and 
pepasin secretion in the stomach (14). According to Brummer 
[1942 (3)], no conservative method of treatment effected the typical 
chronic HCI secretion in the empty stomach of patients with gastric 
ulcer. The purpose of the present study is to determine the amount 
of uropepsin excretion at different times of the day in patients with 
gastroduodenal ulcers. 

METHOD 


The casein flocculation method was used and the determina- 
tions were made according to West (11, 12). The time required for 
complete precipitation could thus be measured with an accuracy of 
a few seconds. 

RESULTS 

The series consisted of 20 patients from whom urine samples were 
collected 4 times a day: at 6, 12, 18 and 24 o’clock for three days. 
Six of the patients had duodenal and 3 gastric ulcers, 11 were used 
as controls. Both in the duodenal and the gastric series, maximum 
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Fig. 1. — The average uropepsin excretion in 9 gastroduodenal ulcer patients. 
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Fig. 2. — The average uropepsin excretion in 6 duodenal ulcer patients. 
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Fig. 3. — The average uropepsin excretion in 11 controls. 
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excretion was met with between 12 and 18, and minimum between 
24 and 6 o’clock (Figures 1 and 2). For controls again, maximum 
excretion was obtained in the morning from 6 to 12 and minimum 
at night between 24 and 6 (Figure 3). In ulcer patients the period 
of maximum excretion had thus passed on the afternoon hours as 
compared with the controls. 


DISCUSSION 


As regards the time of the day a marked regularity in the process 
of uropepsin excretion, is clearly observable both in the patients 
with gastroduodenal ulcers and in the controls of our series. The 
same regularity was also noticed by Merten [1955 (8)]. According 
to him, the maximum excretion occurred between 7 and 11 in the 
morning and the minimum excretion in the afternoon and at night 
between 24 and 4 o’clock. He stated that the regularity was partic- 
ularly manifest in duodenal ulcer cases, and pointed out the close 
correspondence between the 24-hour-excretion period and the 
gastric activity of the stomach. Histamine and insuline were not 
found to influence the excretion. The writers’ results are in complete 
agreement with Merton’s only with respect to the controls, for whom 
the maximum was obtained in the period from 6 to 12 (fig. 3) and 
the minimum from 24 to 6 o’clock. Whereas for the duodenal and 
gastric ulcer cases it was evident that though the excretion clearly 
increased from 6 to 12 it, however, only reached its peak between 
12 and 18 and remained considerable even in the late hours between 
18 and 24 o’clock. From this it seems evident that the uropepsin 
excretion level in patients with duodenal or gastric ulcers is fairly 
high most of the day and becomes lower only at night between 24 
and 6 o’clock. 


SUMMARY 


The writers determined the urinary excretion of uropepsin in 
patients with gastroduodenal ulcers. In all ulcer patients the excre- 
tion increased in the morning, reached its maximum between 12 
and 18 and remained considerable even between 18 and 24 at night. 
Minimum excretion was found to occur between 24 and 4 at night 
both in the ulcer patients and in the controls. The maximum 
excretion in controls occurred in the morning between 6 and 12. 
A marked regularity was generally observable in the whole series. 
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THE USE OF POLYPEPTIDES AND A CASEIN 
HYDROLYSATE TO MAINTAIN THE BUFFER CAPACITY 
OF THE BLOOD 


A STUDY ON RABBITS 


by 
S. J. VIIKARI, E. LINKO, and P. J. SALMI 
(Received for publication January 11, 1938) 


In modern methods of maintaining fluid balance greater atten- 
tion is being paid to variations in the pH of the blood. Frequently 
it is not possible to obtain a reliable picture of the fluid balance 
from alkali reserve, chloride, potassium, sodium, non-protein 
nitrogen and hematocrit values without any knowledge of the pH 
of the blood. A stable pH provides better possibilities for restoring 
a disturbed fluid balance and the pH is much more stable the 
higher the buffer capacity of the blood. 

It has previously been demonstrated that the buffer capacity of 
the blood may decrease appreciably owing to loss of blood in connec- 
tion with operations (5). The same phenomenon has been observed also 
in anemic patients (6). Blood transfusions (5.9) and glycylglycine 
infusions (3.7) have been found effective in the maintenance of the 
blood buffer capacity in the latter patients. On the other hand, other 
customary infusion solutions such as 5 per cent glucose, 6 per cent 
Macrodex and physiological saline tend to lower the buffer capacity 
of the blood (2). 

The purpose of the present investigation was to determine 
whether other polypeptides and casein hydrolysates can be used to 
maintain the buffer capacity of the blood in posthemorrhagic 
anemia. Macrodex infusions were employed as controls. 
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The infusion solutions employed were the following:* 


Infusion solution Concentration Buffer Capacity 
Histidylhistidine .......... 4.384 g/100 ml 0.125 
Leucylglycylglycine ........ 3.556 g/100 ml 0.0286 
Digiyeyipiveine............. 2.838 g/100 ml 0.0238 
eee 2.802 g/100 ml 0.0222 


The basic solution used with preparation of these solutions had the 
following composition: 

0.202 g Na,CO, (free from crystal water) 

0.488 g NaCl 

Distilled water to give 100 ml. 

In addition, an enzymatic casein hydrolysate (N—Z-Amine -Type A, 
Sheffield Chemical Company, Inc., Norwich. N. Y.) was employed. This 
casein hydrolysate contained the following amino acids: 


MO cies 7.6 per cent Methionine .... 2.5 per cent 
Isoleucine .... 64 » » ee eer 05 » » 
Leucine ...... 10.5 » » Phenylalanine .. 4.5 » » 
VO siwecs 7.0 » » Histadine ...... 2.4 » » 
Arginine...... 3.3» » Tryptophane .. 0.9 » ~ » 
Threonine .... 4.0 » » Glutamic Acid.. 20.4 » » 


The two infusion solutions employed contained 5 and 7.5 per cent 
N—Z-Amine in 6 per cent Macrodex (60.0 g dextran, 9.0 g NaCl, distilled 
water to 1000 ml) solution. Before determining the osmotic pressures, 0.1 N 
sodium hydroxide solution was added to the solutions until their pH values 
were 7.3. The osmotic pressure of the 5 per cent solution was found to be 9.3 
atmospheres and that of the 7.5 per cent solution 12.2 atmospheres. These 
values are both definitely higher than the osmotic pressure of blood. 

The following values of the buffer capacity were recorded for the 
prepared infusion solutions: 


Infusion solution Buffer Capacity 
7.5 per cent N—-Z-Amine in 6 per cent Macrodex .. 0.0256 
5 per cent N—Z-Amine in 6 per cent Macrodex .. 0.0156 
5 per cent N—Z-Amine in distilled water ...... 0.0154 
ee le I kine eeu Siwy cs oR e eRe ee 0.0038 


The buffer capacities of the blood samples were measured with a pH 
meter (Radiometer 3) to the nearest 0.002 pH unit by the method employed 
in previous investigations (2,8). 


* The polypeptides used in this investigation were placed at our disposal by 
Messrs. F. Hoffman—La Roche & Co, Basel, and the casein hydrolysate by 
Messrs. Laaketehdas Leiras, Turku. The authors wish to express their grati- 
tude to the companies for their donations. For the preparation of the infu- 
sion solutions and for the experimental animals we are indebted to Messrs. Laa- 
ketehdas Leiras, Pharmaceutical Manufacturers. 
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MATERIAL 


Twenty-eight rabbits were used as experimental animals. In 
each experiment, depending on the weight of the animal, 26—37 ml 
of blood were removed from the jugular vein and replaced by an 
equal volume of one of the infusion solutions. The buffer capacity 
(B C) and the hematocrit (Hr), hemoglobin (Hb) and non-protein 
nitrogen (RN) values were determined on the removed blood sample 
and on blood samples (4—5 ml) taken 3 and 9 hours after the in- 
fusion. Ether anesthesia was employed. 


RESULTS 


Histidylhistidine. — 30—37 ml of blood were taken from three 
rabbits and equal volumes of a histidylhistidine solution containing 
4.384 g per 100 ml were infused. The mean values are plotted in 
Fig. 1. From the figure it is seen that the mean buffer capacity 
of the blood decreased from the value 0.0263 before the infusion to 
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Fig. 1. — Mean values of the buffer capacity (BC) and hemoglobin (Hb), hema- 

tocrit (Hr) and non-protein nitrogen (RN) values of the blood of three rabbits 

before and 3 and 9 hours after infusion of a histidylhistidine solution (4.384 
g/100 ml) to replace withdrawn blood. 
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the value 0.0239 three hours after the infusion and to the value 
0.0243 nine hours after the infusion. The respective mean hemo- 
globin values were 10.8, 8.5 and 6.7 g per 100 ml and the mean hema- 
tocrit values 35.0, 28.3 and 24.7 vol. per cent. The non-protein 
nitrogen rose during the same time from 28.2 mg% to 35.2 mg% 
after 3 hours and 32.5 mg% after 9 hours. 

Leucylglycine. — As in the preceding series, blood removed 
from three rabbits was replaced by a leucylglycine solution con- 
taining 2.802 g per 100 ml. The mean values are shown in Fig. 2 
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Fig. 2. — Mean values of the buffer capacity (BC) and hemoglobin (Hb), hema- 

tocrit (Hr) and non-protein nitrogen (RN) values of the blood of three rabbits 

before and 3 and 9 hours after infusion of a leucylglycine solution (2.802 g/100 
ml) to replace withdrawn blood. 


From Fig. 2 it is seen that the buffer capacity of the blood was 
lower 3 and 9 hours after the infusion than before the infusion. The 
initial mean value was 0.0259, the mean value after 3 hours 0.0228 
and that after 9 hours 0.0217. The respective mean hemoglobin 
values were 9.7 g, 7.6 g and 6.4 g per 100 ml and the mean hemato- 
crit values were 34.3, 28.0 and 23.0 vol. per cent. The mean non- 
protein nitrogen value rose from 38.0 mg% to 43.4 mg% after 3 
hours and to 45.9 mg % after 9 hours. 
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Diglycylglycine. — The blood removed from three rabbits was 
replaced by diglycylglycine solution containing 2.838 g per 100 ml. 

The results given in Fig. 3 show that the mean buffer capacity 
of the blood decreased from the value 0.0289 before the infusion 
to 0.0241 three hours later and to 0.0233 nine hours later. The 
corresponding decrease in the mean hemoglobin content, from 
9.7 g to 7.8 g and 6.1 g per 100 ml is relatively even greater. The 
mean non-protein nitrogen content rose from 31.1 mg% before the 
infusion to 41.4 mg% three hours later and to 48.6 mg% nine hours 


later. 


Fig.3 
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Fig. 3. — Mean values of the buffer capacity (BC) and hemoglobin (Hb), 

hematocrit (Hr) and non-protein nitrogen (RN) values of the blood of three 

rabbits before and 3 and 9 hours after infusion of a diglycylglycine solution 
(2.838 g/100 ml) to replace withdrawn blood. 


Leucylglycylglycine. —- The blood removed was replaced by a 
leucylglycylglycine solution containing 3.556 g per 100 ml. 

The results of the determinations given in Fig. 4 show that the 
blood buffer capacity decreased after the infusion in all three 
animals. The mean buffer capacity diminished from 0.0249 before the 
infusion to 0.0209 both three hours and nine hours later. The decrease 
in the hemoglobin value due to the removal of the blood was rela- 
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Fig. 4. — Mean values of the buffer capacity (BC) and hemoglobin (Hb), 

hematocrit (Hr) and non-protein nitrogen (RN) values of the blood of three 

rabbits before and 3 and 9 hours after infusion of a leucylglycylglycine solution 
(3.556 g/100 ml) to replace withdrawn blood. 


tively greater; the mean value decreased from 9.0 g/100 ml before the 
infusion to 6.6 g 3 hours later and to 6.0 g/100 ml 9 hours later. The 
respective mean hematocrit values were 32.7, 23.9 and 22.6 vol. 
per cent. The mean non-protein nitrogen contents rose only slightly, 
from 47.6 mg% to 53.7 mg% and 56.0 mg%. 

7.5 per cent N—Z-Amine in 6 per cent Macrodex. —- The results 
of the determinations before and after infusing the 7.5 per cent 
N—7Z-Amine in 6 per cent Macrodex to replace withdrawn blood 
are shown in Fig. 5. 

The mean buffer capacity of the blood is seen to have decreased 
from the initial value 0.0280 to 0.0190 three hours, and to 0.0186 
nine hours after the infusion. The mean hemoglobin content dimin- 
ished from 8.9 g/100 ml to 6.1 g/100 ml three hours later and to 
5.1 g/100 ml nine hours later. The mean hematocrit value decreased 
from 33.3 vol. per cent to 23.3 and 20.0 vol. per cent, and the non- 
protein nitrogen content rose from 26.4 mg% to 28.8 and 39.8 mg% 
during the same period. 


{ — Ann. Med. Exper. Fenn. Vol. 36. Fasc. 2. 
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Fig. 5. — Mean buffer capacity (BC) and hemoglobin (Hb), hematocrit (Hr) and 

non-protein nitrogen (RN) values of three rabbits before and after infusions 

of a N—Z-Amine solution (7.5 per cent N—Z-Amine + 6 per cent Macrodex) 
to replace withdrawn blood. 


5 per cent N-—-Z-Amine in 6 per cent Macrodex. — The results 
of the determinations before and after replacing withdrawn blood 
with 5 per cent solution of N—Z-Amine in 6 per cent Macrodex are 
given in Fig. 6. 

The data show that the blood buffer capacities decreased greatly 
after the infusion. The mean buffer capacity decreased from 0.0283 to 
0.0205 three hours later and to 0.0212 nine hours later. The mean 
hemoglobin content diminished from 10.0 g/100 ml to 7.3 g/100 ml 
and 6.7 g/100 ml, and the mean hematocrit value from 35.2 vol. per 
cent to 25.2 and 24.0 vol. per cent. The mean non-protein nitrogen 
value rose from 32.6 mg % to 38.4 mg % after three hours and to 39.2 
mg°, after nine hours. 

5 per cent N—Z-Amine in Distilled Water. — In this series the 
blood removed from four animals was replaced by a 5 per cent 
aqueous solution of N—7Z-Amine. The results of the determinations 
on the blood samples taken before, and 3 and 9 hours after the in- 
fusion are shown in Fig. 7. The buffer capacities are seen to have 
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Fig. 6. — Mean buffer capacity (BC) and hemoglobin (Hb), hematocrit (Hr) and 

non-protein nitrogen (RN) values of four rabbits before and after infusions of a 

N—Z-Amine solution (5 per cent N—Z-Amine + 6 per cent Macrodex) to 
replace withdrawn blood. 
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Fig. 7. — Mean buffer capacity (BC) and hemoglobin (Hb), hematocrit (Hr) 
and non-protein nitrogen (RN) values of four rabbits before and after infusions 
of 5 per cent N—Z-Amine solution to replace withdrawn blood. 
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Fig. 8. — Mean buffer capacity (BC) and hemoglobin (Hb), hematocrit (Hr) 
and non-protein nitrogen (RN) values of five rabbits before and after infusions 
of 6 per cent Macrodex solution to replace withdrawn blood. 


decreased greatly, the mean value from 0.0287 to 0.0237 three 
hours later and to 0.0208 nine hours later. The respective mean 
hemoglobin values are 10.0, 7.6, and 6.8 g/100 ml and the respective 
mean hematocrit values 37.2, 24.2 and 22.7 vol. per cent. The mean 
non-protein nitrogen rose from 34.0 mg% before the infusion to 
48.5 mg°%, three hours later and to 51.6 mg% nine hours later. 

6 per cent Macrodex. — In this control series the blood removed 
from five animals was replaced by 6 per cent Macrodex. The results 
of the determinations are shown in Fig. 8. 


DISCUSSION 


In view of the relatively small changes that the pH of the blood 
undergoes in a healthy organism, it may be concluded that it is 
important to maintain the buffer capacity of the blood when giving 
infusions. For this reason we have investigated whether various 
amphoteric compounds can be used to keep the buffer capacity at 
the appropriate level after acute hemorrhage instead of giving blood 
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transfusions. The best suited compounds of this type are those 
with an acid dissociation constant of the order of 10~’—10-° since 
the maximum buffer capacities of solutions of such compounds 
occur in the normal range of pH variation of the blood. 

Of the compounds examined in the present study, histidylhisti- 
dine is a normal component of the red cells. In addition, it has a 
high buffer capacity in the normal pH range of blood. Also the 
other compounds used in the preparation of infusion solutions in 
this study, leucylglycine, leucylglycylglycine, and diglycylglycine 
have maximum buffer capacities at pH values close to that, pH 
7.4, of blood (1,4). 

The data given in Figs. 1—4 show that although these com- 
pounds were unable, in the concentrations used, to raise the buffer 
capacity of the blood to its initial value after a volume of blood was 
removed and replaced by the same volume of the infusion solution 
containing one of the compounds, the decrease in the buffer capacity 
was nevertheless much smaller than when the blood removed 
was replaced by an equal volume of 6 per cent Macrodex (Fig. 8). 

The ability of histidylhistidine to maintain the buffer capacity 
of the blood was found to be very good (Fig. 1) since the buffer 
capacity of the blood remained practically unchanged although the 
hemoglobin and hematocrit values underwent appreciable decreases. 

The other polypeptides studied, leucy!glycine (Fig. 2), diglycyl- 
glycine (Fig. 3), and leucylglycylglycine (Fig. 4) were almost equal 
in this respect. None of the infusions of these compounds was able 
to raise the buffer capacity of the blood to the original level follow- 
ing the removal a volume of the blood, but it was clearly observed 
that the hemoglobin and hematocrit values decreased relatively more 
than the buffer capacity. The lower buffering action of these polypep- 
tides is evidently due to their fairly rapid decomposition when they 
are introduced into the blood circulation. The rise in the non- 
protein nitrogen values of the blood following their infusion does, 
however, show that they or their decomposition products are 
partly retained in the blood nine hours later (Figs. 2—4). 

The protein hydrolysate N—Z-Amine, either alone (Fig. 7) or 
together with a polysaccharide (Macrodex) has in 5 and 7.5 per cent 
solution a fairly high buffering action. The measured buffer capacity 
of the infusion solution containing 7.5 per cent N—Z-Amine and 
6 per cent Macrodex was 0.0256, which is about 70 per cent of the 
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buffer capacity of the blood. The buffer capacity of the solution 
containing 5 per cent N—Z-Amine and 6 per cent Macrodex was 
0.0156. The buffer capacity of a 5 per cent solution of N—Z-Amine 
in distilled water is practically the same, viz., 0.0154. 

On the other hand, the osmotic pressure of the 7.5 per cent 
N—Z-Amine solution is 12.2 atmospheres, which is much higher 
than the osmotic pressure of blood. 

Evidently due to this high osmotic pressure, the ability of the 
N—Z-Amine solutions to restore the buffer capacity of the blood 
after blood loss was poorer than expected beforehand. Despite the 
addition of these solutions, the decrease in the buffer capacity of 
the blood paralleled the decreases in the hemoglobin and hema- 
tocrit values (Figs. 5—7). However, the decrease in the buffer 
capacity of the blood was relatively smaller than in the control 
series where the blood was replaced by a 6 per cent Macrodex 
solution (Fig. 8). 





SUMMARY 


The ability of several polypeptides, histidylhistidine, leucyl- 
glycylglycine, diglycylglycine and leucylglycine, to restore the 
buffer capacity of blood following loss of blood has been studied 
in rabbits. It was established that solutions of these polypeptides 
infused to replace blood removed were able to maintain the buffer 
capacity of the blood at a higher level than when removed blood 
was replaced by a 6 per cent Macrodex solution. 

Also 7.5 and 5 per cent solutions of a casein hydrolysate were 
able to maintain the buffer capacity of the blood at a higher level 
than the 6 per cent Macrodex solution. 
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FROM THE LABORATORY OF AURORA HOSPITAL, HELSINKI 


ABNORMAL URINARY AMINO-ACID PATTERNS 


A PAPER-CHROMATOGRAPHIC STUDY 


by 
J. JANNES and N.-E. SARIS 
(Received for publication January 14, 1958) 


The urinary amino-acid excretion of healthy adults and children 
has been studied by many [review of Bickel (1)]. Stein (13) estima- 
ted the normal output of amino acids to be about 1 g per 24 hours. 
Combes (2) found glycine, glutamic acid, alanine and glutamine 
to be the dominating amino acids in the urine of normal infants, 
though histidine and cystine were fairly often encountered. In 
newborns still more amino acids were found, most commonly 
aspartic acid and lysine. In prematures the urine contained large 
amounts of glycine, cystine and taurine. 

The work of Dent and his school [Dent and Harris (4), Dent and 
Rose (5), Dent (2) and Harris (8)] has greatly contributed to the 
mapping of pathologic amino-acid excretion patterns and to the 
understanding of aberrant metabolism leading to pathologic amino- 
acidurias. Pathologic amino-acid excretion is usually due to im- 
paired kidney function or deranged liver function. It is, however, 
obvious [Dunn and coworkers (7), Screier (12), Dent and Walshe (6)], 
that only great disturbances in the metabolism of the liver can in- 
fluence the amino-acid excretion pattern. In this connection the 
work of Woolf and Giles (14) may be mentioned; they found a 
change in the amino-acid excretion pattern in the nephrotic syn- 
drome in children when the liver become involved; this change 
was associated with a poor prognosis. 
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Fig. 1. — Without desaltation. 


In order to study pathologic aminoacidurias the authors ermplo- 
yed the method of Parry (9) with some minor modifications. The 
non-protein nitrogen content of the urine samples was estimated 
by the method of Rappaport and Eichhorn (11). A suitable aliquot 
was desalted by absorption on the resin Amberlite IR-120 in the 
acid form, and the amino acids were eluted with 1-n ammonia. 
After evaporation in vacuo an aliquot corresponding to 250 y nitro- 
gen was submitted to two dimensional descending paper chromato- 
graphy on Whatman No. 4 paper in the solvent system used 
by Patridge (10) (BuOH:AcOH:H,0, 4: 1:5, and phenol: H,0). 
Only half a sheet of paper was used; in the first run the separation 
was lengthwise; the chromatogram was then cut into two, and 
these were run in the second direction in the phenol solvent. Most 
amino acids run slowly enough to stay within the upper half of the 
chromatogram and only this part was photographed. Ninhydrin 








136 J. JANNES AND N-E. SARIS 





Fig. 2. — Desalted with amberlite IR 120. 


(0.25 per cent solution in butanol) was used for the development 
of the spots. 

Contrary to Parry (9) we found desaltation to be necessary for 
good resolution. Figs. 1 and 2. 

Figs. 1 and 2 show the urinary amino acids of a boy suffering 
from the Letterer-Siwe disease, which affects the reticulo-endothe- 
lial system. The following amino acids could be identified: 1 = 
glycine, 2 = alanine, 8 = serine, 16 = aspartic acid, 24 = gluta- 
mine. This pattern deviates from the normal one by the large 
number of ninhydrin positive substances present. 

On comparing this chromatogram with a chromatogram for 
the same patient taken three months earlier, fig. No. 3, only rela- 
tively small differences can be seen. Serine (8) was not found in the 
first chromatogram, glutamic and aspartic acids and cystine 19 c 
occurred in greater amounts in the first chromatogram. The excretion 
of the basic amino acids arginine (14), lysine (15) and ornithine (23) 
was also more prominent in the first chromatogram. 

















Fig. 3. — Pattern in Letterer-Siwe disease. 
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Fig. 4. — Pattern in normal urine. 
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Fig. 5. — Pattern in severe liver damage. 


Fig. 4 shows a representative chromatogram of normal urine. 
In the sample corresponding to 250 y nitrogen only a few spots can 
be seen: glycine (1), alanine (2), glutamine (24) and a very weak 
spot of lysine (15). In the majority of our chromatograms these spots 
were dominating and constituted the most common pattern found 
by the authors. 

In a case of severe liver damage (chronic hepatitis) (Fig. 5) 
we found a clear increase of the excretion of histidine (13), taurine 
(35) and threonine (9). According to Bickel (1) these results are in 
agreement with results obtained by other authors. 

According to the experience of the present authors the desalta- 
tion with Amberlite IR-120 in acid form gives good results and is 
therefore recommendable also for the chromatography of urinary 
amino-acid. 


SUMMARY 


A paper-chromatographic method for the analysis of urinary 
amino acids and its application to some cases is described. 
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FROM THE DEPARTMENT OF MEDICAL CHEMISTRY, UNIVERSITY OF TURKU 


EFFECT OF INTRA-ARTICULARLY INJECTED 
HYDROCORTISONE ACETATE ON THE POLYSACCHARIDE 
COMPLEX 


by 
L. KALLIOMAKI, E. KULONEN, P. MAKINEN and M. YLI-POHJA 


(Received for publication January 25, 1958) 


The known changes in the synovial fluid in connection with steroid 
therapy can be listed as follows: the viscosity and the intrinsic 
viscosity increase (3, 9, 4), the colloid osmotic pressure decreases (5), 
total protein and protein hexosamine decrease, absolute value of 
f-globulin decreases and potassium decreases (6). 

The amount of the hyaluronic acid does not change much. Two 
reasons can be brought forward for the increase in the intrinsic 
viscosity: the aggregation of the particles or the disappearance of 
the supposed abnormal particles of hyaluronate. The analyses 
which are reported below were originally planned to elucidate this 
problem, but in the course of the work a non-expected behaviour of 
the polysaccharide complex was observed. It prompted a chemi- 
cal investigation of the complex. 


EXPERIMENTAL 


Material and Methods. — The series consisted of seven patients with 
rheumatoid arthritis, who had large effusions in the knee joints. When 
the first sample of about 10 ml. was drawn, 50 mg. of hydrocortisone acetate 
(Korti susp., Laake Oy, Turku) was injected intra-articularly. Next day 
the patient appeared again and all the synovial fluid was aspirated. The 
samples were stored at —15°C. until analysis. Some were slightly stained 
with blood, but none contained macroscopic pus. 

Uronic acid was determined by the procedure described by Dische 
(2) and glucosamine according to Blix (1). Nitrogen was obtained by 
Kjeldahl combustion and distillation of the ammonia. 
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PROCEDURE AND RESULTS 


Ten ml. of the synovial fluid was diluted with 10 ml. of water. 
The diluted fluid was cleared by centrifugation. Five ml. of 0.5% 
solution of »Cetavlon» (= CP, a cetylpyridinium compound, Cetri- 
mide, B. P., Imperial Chemical Pharmaceuticals Ltd, Manchester) 
were added and the samples left overnight at room temperature (8). 
(It was ascertained that this amount of the reagent was sufficient.) 
The precipitate was washed (by suspension and centrifugation) 
once with distilled water and dissolved into 50 ml. of 1M sodium 
chloride solution. This large volume was due to the persistent 
opalescence of the solutions. 


TABLE 1 


PRECIPITATION OF CP-COMPLEX FROM SYNOVIAL FLUIDS BEFORE AND AFTER 
HYDROCORTISONE TREATMENT (AVERAGE TURBIDITIES FROM 7 SAMPLES IN EACH 




















GROUP) 
Strength of Sodium mater After Pp 
Chloride 
1.0 M .022 .046 — 
0.8 M .043 062 |) _ 
0.6 M a | ae 7 
0.4 M .085 .144 < 0.05 











At this juncture an experiment was made to find out whether 
the dilution of the sodium chloride precipitated the CP-complex 
similarly in both groups. Distilled water and 1 M sodium chloride 
were added (maintaining the CP-complex in constant concentra- 
tion) so that series of 1 M, 0.8 M, and 0.4 M sodium chloride con- 
centrations were obtained. The turbidities were fine and constant 
and suitable for determination with Unicam SP 400 spectrophoto- 
meter at 6100 A. Table I shows the results. Hydrocortisone renders 
the CP-binding substances to such a state, that they precipitate 
more easily. It seemed worthwhile to study this further. The 
samples were dialysed free from NaCl and CP and centrifuged 
clear. CP-precipitation, solution in 1 M sodium chloride and step- 
wise dilution of the salt concentration were repeated, but now the 
turbidities were identical in both groups. Something had been 
lost or altered. (In the dialysis something precipitated, which was 


1 separately > 0.10 
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discarded.) The samples were dialysed again for several days agains! 
flowing water. (Toluene was added as preservative.) Now it was 
found that the UV-absorption was significantly lower in the hydro- 
cortisone-treated group of samples. The forms of the curves did 
not differ. The haziness obscured the possible peaks for protein or CP, 
even when the samples had been centrifuged for 30 min. at 
30.000 x g. 

The original purpose was to study the diffusion properties of 
these samples. In an earlier experiment using three pairs of samples 
(the protein had been removed by papain digestion and dialysis) 
the dispersion in the diffusion diagram (using Antweiler-equipment) 
remarkably diminished after hydrocortisone in all the cases. The 
present samples were found technically unsuitable and this idea was 
abandoned. 

To get information on the composition of the samples, the uro- 
nic acid, hexosamine and nitrogen were analysed. First the samples 
were evaporated in water bath. The residue was no more com- 
pletely soluble. The water soluble part was studied (Table II). 
(The absolute values are not presented, since the losses in the 
dialysis and precipitations cannot be accurately corrected.) 


TABLE 2 
RELATIONS BETWEEN GLUCOSAMINE, URONIC ACID AND TOTAL NITROGEN IN 
CP-PRECIPITATED POLYSACCHARIDE FROM SYNOVIAL FLUID BEFORE AND AFTER 
HYDROCORTISONE TREATMENT (THE FIGURES ARE AVERAGES FROM 7 SAMPLES) 

















Ratio Before After 
Glucosamine/uronic acid! ...... .63 .83 
Glucosamine/nitrogen .......... 1.62 1.59 
Uronic acid/nitrogen .......... 2.51 2.18 











When the possible relations were calculated it was observed 
that only the ratio glucosamine/uronic acid changed significantly. 
It seems reasonable to believe that this is mainly due to an in- 
crease in the hexosamine. 

The composition of the small heat-coagulated part of the complex 
was checked by similar analyses. It did not contain much nitrogen. 
The ratio glucosamine/uronic acid changed similarly (P < 0.10). 


1P of change occurrence of the difference < 0.025 (t = 2.93). 
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DISCUSSION 


These findings do not have much bearing on the earlier 
observations and need corroboration. Scott (8) has in his investi- 
gations shown that the CP-complexes of the more acid polysaccha- 
rides are insoluble even in high salt concentration.The changes in 
the macromolecular form of hyaluronate-protein complex have 
not yet been studied with reference to the steroid therapy. The mole- 
cular size may affect the properties of the CP-precipitate also. 
It seems that the turbidity enhancing agent was lost in the repeated 
dialysis, and the UV-absorption was thereafter lower in the hydro- 
cortisone-treated group. 

It is generally accepted that in chemically defined hyaluronic 
acid the uronic acid and hexosamine occur alternatively and in 
equimolar concentrations. Ogston and Stanier (7) claim that the ratio 
uronic acid/glucosamine acid is 1.25—1.35 in the native hyaluro- 
nic acid-protein complex from synovial fluid. Our findings agree well 
with theirs, the ratio decreases from 1.5 to 1.2. Before extended 
speculations the accuracy of the colour reactions in this case must 
be checked. The complex may contain uronic acids and sugar 
amines, different from glucuronic acid and glucosamine. The pro- 
tein moiety may also interfere. However, the change in the ratio 
cannot be explained on the assumption of an inaccurate analysis 
alone. 


SUMMARY 


Hydrocortisone acetate, administered intra-articularly, ren- 
dered the cetylpyridinium-complexes derived from synovial fluid 
less soluble in the presence of sodium chloride. The ratio glucos- 
amine/uronic acid in this complex seems to increase. 
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TISSUES IN EXPERIMENTAL LATHYRISM 
I 


POLYSACCHARIDES, SODIUM, POTASSIUM, PHOSPHORUS AND CREATINE 


by 
L. KALLIOMAKI, M. YLI-POHJA and E. KULONEN 


(Received for publication January 25, 1958) 


The prominent symptoms of lathyrism involve the connective 
tissue and there is evidence on the disturbance of the metabolism 
of sulfated polysaccharides (1,3). The uptake of radioactive phos- 
phorus in the skeleton is claimed to be increased (1). There are 
conflicting statements on the serum phosphorus (6,10). Creatine, 
sodium and potassium have apparently not been investigated. 
The following analyses of the muscle are therefore thought perti- 
nent to the understanding of the experimental lathyrism. 


EXPERIMENTAL 


Animals. — Two groups (10 in each) of weanling Wistar rats (average 
weight 36 g.) were kept in individual cages. The experimental diet is de- 
scribed in detail in our previous publication (8) and contained 56% of 
sweet pea (Lathyrus odoratus Spencer). The control animals received a 
similar diet with ordinary pea. After ten weeks feeding ad libitum five 
rats were alive in the lathyrus-group (average weight 139 g.). In the control 
group (average weight 188 g.) none had died. The animals were killed, the 
bones and skins dissected away and all the materials were stored at —15°C. 

Bone. — The femurs were cleaned from marrow and adjacent soft 
tissues, and ground in a mortar. The material was defatted with extractions 
in acetone (overnight, repeated) and subsequently in ether. The samples 
were air-dried at +60°C. and weighed. The material was suspended in 20- 
fold volume (v/w) of pH 5.5 phosphate buffer (7/15) and 0.5% solution of 
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papain (Merck) was added (enzyme: substrate = 1: 100). After saturation 
with H,S the samples were incubated at + 60°C. for 24 hrs. A new portion of 
papain was added and the incubation repeated. A small residue did not go 
into solution. The digestion mixtures were centrifuged and the clear super- 
natants combined. The polysaccharide was precipitated with »Cetavlon 
(Cetrimide B.P. from Imperial Chemical Pharmaceuticals Ltd, Manchester), 
which was added to 2% final concentration (9). The precipitation was 
complete at the room temperature in 24 hrs. The precipitate was washed 
twice with distilled water (using centrifuge) and then finally dissolved into 
1.25 M sodium chloride solution. The volumes were adjusted to aliquots 
(1 g.of dry bone in 25 ml.). The extinction of the bound pyridine was 
determined from the clear samples with Beckman DU spectrophotometer 
at 2600 A. No calibration was attempted. 

Skin. — The material was treated like bone. When the »Cetavlon- 
precipitates were dissolved into sodium chloride, it was observed that their 
ultraviolet absorption varied very markedly, and no estimates could be 
based on this procedure. Therefore a new papain digest was made and 
hexosamine was determined from aliquot supernatants using the method of 
Blix (2). The hydrolysis was made in 3 N hydrochloric acid at + 100°C. for 
24 hrs. 

Muscle. — The skeletal muscles were weighed fresh and ground in 
Potter-Elvehjelm’s homogenizer adding a small volume of water. The 
resulting paste was extracted repeatedly with 5-fold volume of water 
(acidified with some drops of acetic acid) for one hour at + 70°C. The com- 
bined solutions were cleared by centrifugation and aliquot concentrations 
adjusted. Sodium and potassium were determined with Perkin-Elmer 
52 A flame photometer with lithium as the internal standard. Inorganic 
phosphorus was measured by Fiske and SubbaRow’s (5) method. Creatine 
was estimated using Jaffé’s reaction (7) after conversion to creatinine by 
boiling in 0.3 N hydrochloric acid for 3 hrs. 


TABLE 1 


COMPARISON OF THE CONTROL AND LATHYRUS RATS ! (THE FIGURES IN THE 
BRACKETS INDICATE THE NUMBER OF THE ANIMALS) 




















Analysis pesmening —— 

Bone polysaccharides (arbitrary calibration) .. 1.69 (10) 1.81 (4) 
Skin hexosamine mg./100 g. dried tissue ...... 150 (5) 137 (4) 
Muscle sodium mEq./100 g. fresh tissue ...... 2.36 (5) 2.47 (5) 
Muscle potassium mEq./100 g. fresh tissue .... 8.62 (5) 9.85 (5) 
Muscle creatine mg./100 g. fresh tissue ...... 479 (5) 476 (5) 
Muscle phosphorus (inorganic) mg./100 g. fresh 

SE cnn EELS cas ea ees sei 405% 31.1 (5) 32.9 (4) 








1 None of the differences is statistically significant. 
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RESULTS 


The results are shown in the table. No significant differences 
were observed. 


DISCUSSION 


Also Dasler (4) states that there is no obvious change in the 
amounts of the polysaccharides in the tissues of lathyritic rats. 
The individual components or the colloid properties may never- 
theless be quite different. The nucleotide phosphates seem to deserve — 
further study (cf. the following paper). Gross disturbance in the 
adrenocortical metabolism seems excluded. 


SUMMARY 


The lathyritic rats did not differ from the controls in the 
amounts of bone or skin polysaccharides nor in muscle sodium, 
potassium, phosphorus or creatine. 
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TISSUES IN EXPERIMENTAL LATHYRISM 
II 


AMINO ACIDS AND ABSORPTION SPECTRUM OF MUSCLE EXTRACT 


by 
M. YLI-POHJA, L. KALLIOMAKI and E. KULONEN 


(Received for publication January 15, 1958) 


The effect of the lathyrogenic nitriles on the amino acid meta- 
bolism is poorly known. The cyanide-carbon is to some extent 
converted to serine and glycine (4). A protective action has been 
claimed for some amino acids (1). The urinary amino acids seem to 
change in the lathyritic rats (5), which seem to excrete also ap- 
preciable amounts of the toxic substance, f-aminopropionitrile. 
Hydroxyproline synthesis is decreased (3). 

This paper presents an analysis of amino acids in muscle extracts. 
The absorption spectra were also recorded. 


EXPERIMENTAL 


The rats are already described in the previous paper (2). 

For amino acid analysis the homogenized skeletal muscle was extracted 
twice with water (acidified with acetic acid) at+ 70°C. The extracts were 
cleared by centrifugation. The proteins were precipitated by adding ethy] 
alcohol to 80% (v/v) final concentration. The supernatants were combined 
and aliquots obtained by evaporation at boiling water bath. The samples 
were dissolved in acetone (containing 1% of conc. HCl, v/v). From 
these solutions two-dimensional chromatograms were prepared using 
Whatman No. 1 paper and butanol-acetic acid and ammoniacal phenol 
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(both with water as fixed phase) as solvents. The pilot sheets of 50 x 50cm. 
were irrigated in descending system. Later ascending arrangement and 
18x18 cm. sheets were applied. The irrigation with butanol mixture was 
repeated once after drying. The papers were sprayed with 0.2% ninhydrin 
solution in ethanol. The usual chromatogram contained amino acids 


corresponding to 0.1 g. of fresh muscle. 
The hydrolyses were carried out in sealed tubes with 3 NV hydrochloric 


acid at +100°C. for 24 hrs. 
The absorption spectrum was determined with Beckman DU spectro- 


photometer. The aliquot samples were dissolved in water and 1 ml. corres- 
ponded to 5 mg. of fresh tissue. 


RESULTS 


Fig. 1 shows the pattern of ninhydrin positive substances ob- 
tained before the hydrolysis. The spot 6a deserves special atten- 
tion since it was observed in the samples from rats of the control 
group only. This spot was distinct but not very strong. It was 
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Butanol - acetic acid (twice) 


Fig. 1. — The ninhydrin positive substances of non-hydrolyzed deproteinized 
muscle extract in the control group. The spot 6a was absent from lathyritic 
samples. 
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Butanol - acetic acid (twice) 


Fig. 2. — Amino acids from the spot 6a (Fig. 1) after hydrolysis. 


cut out and eluted from the minced paper, hydrolyzed with 
HCl, and chromatographed again after repeated evaporations 
(Fig. 2). 

When the whole samples were hydrolyzed, the liberated amino 
acids did not differ markedly between the lathyrus and control 
groups. Especially tyrosine, f-alanine, histidine, lysine, serine, 
glycine and cysteic acids were prominent. 

The ultraviolet range of the spectrum was studied from indi- 
vidual samples. The averages were calculated for each wave length 
and the resulting spectrum plotted as Fig. 3. The difference be- 
tween the groups observed at the wave length 2700—3000 A. is sta- 
tistically significant as also in the range of 2400—2600 A. The 
spectrum was continued with selected samples to the visible region. 
There the curves did not differ. A very sharp peak at 4080 A. was 


observed in all samples. 
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Fig. 3. — Average ultraviolet light absorption of the deproteinized muscle 
extracts. The difference at 2700—3000 A. is statistically significant as also the 
inflexion in the control group at 2400—2600 A. 
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DISCUSSION 


The urine of lathyritic rats seemed to yield a spot, which had a 
similar location as the spot 6a (5). We do not believe, however, 
that they are identical, since the 6a migrates a little slower in 
butanol-acetic acid. It contains certainly glycine and glutamic acids, 
but the evidence does not allow a claim of glutathione. 

We do not yet have any explanation for the differences of the 
absorption spectra. The samples were not taken with reference to the 
analysis of the nucleic acids or their derivates and further specula- 
tion is not warranted. Fresh experiments are in progress. 


SUMMARY 


The non-hydrolyzed muscle extract of the normal rat contained 
a ninhydrin positive substance, which was absent from the muscles 
of lathyritic rats. This substance yielded in hydrolysis at least gly- 
cine and glutamic acid. 

The ultraviolet absorption spectrum of the muscle extracts 
from lathyritic rats differed significantly from the respective controls. 
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SERUM PROTEIN RESPONSES TO IMMUNISATION 
BY HUMAN CELL STRAINS 


STUDIES WITH A HUMAN CELL STRAIN DERIVED FROM BREAST CAR- | 
CINOMA AND WITH CHANG’S CONJUNCTIVA STRAIN, WITH SPECIAL 
REFERENCE TO COMPLEMENT-FIXING ANTIBODIES 


by 
J. A. GRONROOS, E. MUSTAKALLIO, J. L. KALLIOMAKI, and A. AHLAS 
(Received for publication January 26, 1958) 


Most of the antigens associated with protein fractions extracted 
from normal and malignant tissues have been found in fractions 
that correspond in electrophoretic mobility to the serum alpha-2 
and beta globulins and only few are found in the fraction that cor- 
responds to gamma globulin (4). We have found no mention in the 
literature with what protein fractions the different types of anti- 
bodies produced when experimental animals are immunised with 
cells maintained in tissue culture are associated. It has, it is true, 
been shown that the so-called immune globulin (primarily gamma 
globulin) precipitated by adding half a volume of saturated am- 
monium sulphate to rabbit immune sera against tissue cultures of 
human skin cells exerts a specific cytopathogenic effect on human 
cells of ectodermal and mesodermal origin (2). The existence of 
complement-fixing antibodies has earlier been demonstrated in 
rabbit immune sera prepared using HeLa cells and five cell strains 
derived from human breast carcinoma (5). The aim of the present 
study was to analyse by electrophoresis the protein distribution 
in rabbit immune sera prepared with a human cell strain derived 
from breast carcinoma and with Chang’s conjunctiva cell strain (3) 
derived from non-malignant tissue and to determine the electro- 
phoretic fractions with which the complement-fixing antibodies 
migrate. 
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MATERIALS AND METHODS 


Cell Strains. — The strain EG employed had been isolated from a 
human breast invasive duct adenocarcinoma on May 5th, 1955 (5). 
The (Chang) human conjunctiva cell strain was kindly placed at our dis- 
posal by Dr. R. Shi-Man Chang, Department of Microbiology, Harvard 
School of Public Health (3). 

Preparation of Immune Sera and Performance of Complement-Fixation 
Tests. — We refer to an earlier paper (5) in which the methods have been 
described in detail. Ten rabbits (weighing 214,—3 kg) were immunised with 
the EG cell strain and four rabbits with the conjunctiva cell strain. The 
immune sera prepared are designated as EG and Chang according to 
the strains employed in the immunisations. 

Electrophoretic Techniques. — Serum samples taken from each rabbit 
before and after immunisation with one of the cell strains mentioned were 
analysed by the free microelectrophoresis method of Antweiler (1). Before 
the analyses the samples were diluted to a total protein content of 114,—2 
per cent and dialysed 2—4 hours. The electrophoresis runs (65—85 volts, 
1.65—1.95 m A) lasted 12—16 minutes. The apparatus employed was one 
manufactured by Boskamp Gerate-Bau, K.G. 

The preparative electrophoreses were carried out using the technique 
described by Nikkila et al. (6) employing polyvinyl chloride (Geon 426) 
as supporting medium. After electrophoresis (600 v, 10 m A) of 20—36 
hours’ duration the block was cut into 1-cm strips from each of which the 
proteins were eluated with 2.0 ml of 0.9 per cent saline. Since the proteins 
were distributed over a length of about 30 cm, the original amount of 
serum (1.5—2.0 ml) was diluted to about 60 ml. In addition, it should be 
noted that the recovery in this method of eluation seldom exceeds 60 
per cent. The relative protein distribution was determined with the Folin- 
Ciocalteau method using 0.1 ml of each eluate. The remaining eluate from 
each strip was then used in complement-fixation tests employing both cell 
strains. The preparative electrophoresis was done on only one EG immune 
serum (No. 154) and one Chang immune serum (No. 174). 

The serological and electrophoretic analyses were conducted inde- 
pendently. 


RESULTS 


The results of the serological and electrophoretic analyses of 
the immune sera are presented in Table 1. It will be seen that a low or 
no increase occurred in the complement-fixing antibody titres of the 
sera of rabbits nos. 142, 144, 156, 157 and 158 that were immunised 
with EG cells, while the titres of the sera of rabbits nos. 143, 146, 
153, 154 and 155 that were similarly immunised underwent 
appreciable increases. The alpha-2 and gamma globulin fractions 
in the sera of four of the latter five rabbits rose as a result of the 
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immunisation, whereas the albumen + alpha-1 fractions diminished 
in the sera of the four animals. No uniform changes were noted in 
the beta globulin fractions. It is of interest to note that in those 
rabbits in whose sera no appreciable increase in the complement- 
fixing antibody titres took place the albumen, alpha-2 and gamma 
globulin fractions varied irregularly. Furthermore, the gamma 
globulin fractions were larger on the average in the sera taken from 
these rabbits before immunisation than in the sera of the rabbits 
in which the complement-fixing antibody rose after the im- 
munisation. 

The electrophoretic analyses of the Chang immune sera nos. 174 
175, 176, 177 revealed that the alpha-2 and, with one exception, 
the gamma globulin fractions were larger after than before 


immunisation. 
Our results do not reveal the possible significance of ob- 


served differences. 
The immune sera EG 154 and Chang 174 were cross-reactive 


and yielded the same titres for both cell strains. 
The protein distributions obtained with the preparative electro- 
phoretic technique for the EG immune serum 154 are shown in Fig. 1 
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Fig. 1. — Complement-fixation titres of the different protein fractions of EG 
immune serum 154. The titres are reciprocals of the dilutions of the eluates. 
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together with the corresponding results of the complement-fixation 
tests. In our opinion the results show conclusively that the anti- 
bodies that effect the observed complement-fixation are associated 
with the gamma globulin fraction. Furthermore, these antibodies 
react with both the homologous EG and heterologous Chang cell 
strains. 

The results obtained in the preparative electrophoresis of the 
Chang immune serum 174 were similar to those obtained with the 
EG immune serum 154. The complement-fixing antibodies were 
detected only in the gamma globulin fractions and they reacted 
with both the EG and Chang cell strains. 


DISCUSSION 


The results obtained by both analytical and preparative electro- 
phoretic methods convincingly show that the complement-fixing 
antibodies produced by the EG and Chang cell strains are associated 
with the gamma globulins. Although also the alpha-2 globulin 
fractions were larger in the immune sera, no complement-fixing 
antibodies were detected in these fractions after isolation by pre- 
parative electrophoresis. This does not, of course, deny the possi- 
bility that the increase in the alpha-2 globulin fraction was due to 
other antibodies (e.g. incomplete antibodies). 

The immune sera prepared with both cell strains were cross- 
reactive as regards complement-fixing antibodies. 


SUMMARY 


Immune rabbit sera prepared with two types of human cell 
strains, one the EG strain derived from.breast carcinoma and the 
other the Chang conjunctiva strain, have been analysed by electro- 
phoresis. The alpha-2 globulin fraction was elevated in eight and 
the gamma globulin fraction in seven of those nine immune sera in 
which high complement-fixing antibody titres were demonstrated. 
No uniform changes in protein fractions were observed in the sera 
with low or nonexistent complement-fixing titres after the im- 


munisation. 
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When the protein fractions were isolated by electrophoresis 
and tested for the presence of complement-fixing antibodies, it was 
established that the antibodies were associated with the gamma 


globulin fractions only. 
The antibodies were found to react with both the homologous 


and the heterologous cell strain. 
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CLINICAL SIGNIFICANCE OF UROPEPSINOGEN 
DETERMINATION 


by 
L. E. ANTILA and P. J. KOSKINEN 


(Received for publication December 3, 1957) 


The presence of a pepsin-like enzyme in the urine has long been 
an acknowledged fact (4). The consensus of opinion today is that 
the peptic glands of the stomach secrete a small portion of the 
pepsinogen into the intercellular substance and from there further 
via the blood stream into the urine. Total gastrectomy results in 
the disappearance of uropepsinogen from the urine (e.g. 12, 21). 
Hence this circumstance also speaks for the assumption that uro- 
pepsinogen is an enzyme secreted by the gastric glands. During the 
past ten years uropepsinogen has been the renewed subject of con- 
siderable research. 

Uropepsinogen excretion is considered to be correlated with the 
variations in the gastric juice pepsinogen and to be proportional to 
the secretion of hydrochloric acid (1, 13). There are also, however, 
reports in the literature of an absence of parallelism between gastric 
and urinary pepsinogen (15, 17). The excretion of uropepsinogen 
has been found to be higher in men than women (3). Its excretion 
diminishes in the higher age groups (2, 3, 8). 

The tests employed in the determination of uropepsinogen are 
based on measuring the proteolytic activity of urine or its milk- 
clotting effect. The two methods have given comparable results (2). 

Opinions vary as to the clinical significance of uropepsinogen 
determination in some gastrointestinal disorders and certain anae- 
mias. Very many investigators have established increased uro- 
pepsinogen values in duodenal ulcer patients in comparison with 
normal persons (7, 9, 12, 16, 18, 19). However, the uropepsinogen 


11 — Ann. Med. Exper. Fenn. Vol. 36. Facs. 2. 
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content of patients with pernicious anemia is very low (1, 8, 12, 20). 
In gastric ulcer patients uropepsinogen excretion is mostly normal 
(7, 12, 18, 21). Some investigators have indicated normal uro- 
pepsinogen excretion in gastric cancer (12), while others have 
obtained low values (6, 15, 18, 21). According to Sircus (21), the 
low uropepsinogen values established in gastric cancer were not 
low enough to be of any diagnostic importance. In hypochromic 
essential anaemia, uropepsinogen values vary with the HCl content 
of the gastric juice (1). 

The effect of various operative measures on the excretion of 
uropepsinogen has also been studied. Gastroenterostomy alone 
does not cause a decrease in uropepsinogen excretion (6, 19). 
Cubberley (6) and Eastcott (7) found in their investigations that 
uropepsinogen excretion decreased after partial gastrectomy. 
Sircus (21) found no uropepsinogen in the majority of the patients on 
whom partial gastrectomy was performed. Balfour (2), and Viikari 
and Castren (23) found that partial gastrectomy did not change the 
uropepsinogen excretion. High uropepsinogen values were 
established in the cases where a new lesion had developed close 
to the anastomosis despite partial gastrectomy (12,20). Values 
above the normal limits were also registered for patients with 
postcibal symptoms after partial gastrectomy (23). Balfour (2) and 
Eastcott (7) found that higher uropepsinogen values than the pre- 
operative may occur during the first week immediately after 
gastrectomy; they attributed this to the manipulation of the stom- 
ach during the operation. Peak et al (20) reported a duodenal ulcer 
patient in whom no post-vagotomy decrease in uropepsinogen was 
established. 


METHOD 


The uropepsinogen determinations were made by the method introduced 
by West et al. (22), based on the curdling of milk caused by uropepsinogen. 
West’s original method was modified only by replacing homogenised milk 
with milk powder made from skimmed milk. 8 g of milk powder was mixed 
with 200 ml of distilled water and the solution thus obtained was employed 
for the tests. The same milk powder lot (Messrs. Maitopulveri Oy Somero) 
was employed throughout the investigation as the authors found that varia- 
tions occurred in the milk curdling times when different milk powder lots 
were used. 1 ml of pepsin solution containing 260 mg of pepsin in 1,000 ml of 
water caused the milk to curdle in 25 seconds. The urine was collected in the 
course of 12 hours (at 07.00—19.00 hours). 
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RESULTS AND DISCUSSION 


The series consists of a total of 170 patients examined at the 
Surgical and Medical Departments of the Regional Hospital of 
Central Finland. The results of the examinations are summarised in 
Table 1. 

Controls. — There were 21 patients (15 men and 6 women). The 
mean age was 42 years. These patients had no abdominal com- 
plaints; most of them had reported for treatment because of a minor 
disease or injury. The average uropepsinogen excretion established 
for this group, viz. 90 units/hr. (« = + 13.1), is regarded in the 
present investigation as the basis of comparison. 

Gastrodyspepsia. — The group comprised 23 patients (17 men 
and 6 women) with an average age of 43. These patients had had 
postcibal complaints and a suspected peptic ulcer upon admission. 
However, no ulcer was indicated by the roentgen examination per- 
formed and the abdominal complaints were considered to be of a 
functional nature. The average uropepsinogen excretion did not 
differ from the value of the control group (Table 1). 

Gastric Ulcer. — There were 35 cases (31 men and 4 women). 
The mean age of the group was 50. The diagnosis was based on 
clinical and roentgen examinations in 30 cases and in 5 cases it was 























TABLE 1 
AVERAGE UROPEPSINOGEN EXCRETION IN DIFFERENT GROUPS OF PATIENTS 
Groups of Patients ‘ia iesfEtont) S.D. M.E. 
(OLGLUTLLLT (USA SSeS ean ea en 90 + 59) +13.1 
CGEM) 0): 101 (Ah. a a 32 + 90) +421.2 
(CESCS ES VOILE! | GC) a on aa 157 +130) +22.5x 
POUCGCH AN NCEE. fisidiecs i546 oes dees sess 255 +206) +42.4 xxx 
MVARUTMC SCARICOR. eltei 5.60512 .5 6: aere ace. se eleva 83 + 83) +22.4 
Early postoperative after partial gast- 
IS OLS 7,5, 4 ya ARRAY CEE eo Sa ea ee 52 + 27) + 9.0x 
With postcibal symptoms after partial 
BASITOCUOIIY aeiGitis oes dere e cas 66 + 44) +16.5 
Hypochromic essential anemia ...... 177 +128) +64.0 
Macrocytic anemia of fish tapeworm 70 + 49) 414.2 








Differences marked with x are almost significant and differences marked 
with xxx highly significant in relation to controls. 





162 L. E. ANTILA AND P. J. KOSKINEN 


confirmed by operation and histologic examination. The average 
uropepsinogen value was nearly significantly higher than in the 
control group (Table 1). 

Duodenal Ulcer. — There were 25 patients (21 men and 4 wo- 
men). The mean age was 44. In addition to clinical and roentgen 
examination it was possible in 10 cases to confirm the diagnosis 
surgically. The average uropepsinogen excretion was very signifi- 
cantly higher than in the control group (Table 1),which agrees with 
the results generally reported in the literature. The values were high 
especially in the cases where pyloric stenosis due to the ulcer was 
established. 

Castric Cancer. — Of the 15 carcinoma cases, 7 were confirmed 
histologically and in the remaining cases both the clinical and the 
roentgenological findings were indisputable (inoperable). 13 of the 
patients were men and 2 women. The mean age was 57. The average 
uropepsinogen excretion was no lower than in the control group. 
Especially interesting were the findings in cases concerned with 
carcinoma of the cardiac region or a locally extensive carcinoma; 
the average excretion of uropepsinogen was significantly lower 
(27 units/hr., « = + 3.0) than that of the controls. On the other 
hand, the uropepsinogen excretion was high (337 units/hr.) in one 
case with carcinoma of the prepyloric part and pyloric stenosis. It 
would seem from this, as was indeed to be expected, that the 
destruction of the gastric mucosa caused by high carcinomas leads 
to a low uropepsinogen excretion. There was a tendency towards 
higher uropepsinogen values in connection with pyloric stenosis 
also in the cases of carcinoma (cf. duodenal ulcer). Hence the deter- 
mination of uropepsinogen might help to confirm the diagnosis 
in the cases affecting the cardiac-fundus portion which are often 
difficult to diagnose roentgenologically. 

Gastrectomy. — This group was divided into two parts. One 
sub-group consisted of the patients on whom early uropepsinogen 
determinations were made about 1 week after resection performed 
for gastric or duodenal ulcer (10 cases); the other sub-group com- 
prises the patients with whom a longer time had elapsed since 
resection and who complained of postcibal distress (8 cases). 
Early post-gastrectomy excretion of uropepsinogen was almost 
significantly lower than in the control patients and very significantly 
lower than the pre-operative values in gastric and duodenal ulcer 
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Be cases. The uropepsinogen excretion of patients complaining of 
he postcibal distress, on the other hand, was significantly lower than in 
the control group but, it is true, very significantly lower than in 
il patients with duodenal ulcer and significantly lower than the pre- 
- operative values in gastric ulcer patients (Table 1). 
sis Uropepsinogen excretion was determined in two cases of gastric 
fi- cancer, in one after total gastrectomy and in the other after proximal 
th gastric resection. No uropepsinogen was found in the urine in either 
gh case. An interesting interpretation of the cessation of uropepsino- 
” gen excretion after proximal resection is that it may be regarded as 
proving that uropepsinogen derives from this part of the stomach. 
-d On the other hand, it supports the authors’ opinion of the signifi- 
~ cance of uropepsinogen determination in localising and assessing the 
” extent of the gastric cancer. It suggests, too, the possibility of 
- proximal resection in treating peptic ulcer; e.g. Connel (5) has 
employed limited proximal resection, i.e. fundusectomy, in the 
h treatment of duodenal ulcer. 
a; Gastroenterostomy. — Gastroenterostomy was performed in 
al three cases as a palliative measure for gastric or duodenal ulcer. 
al Uropepsinogen values did not differ in these cases from the normal 
. (90 units/hr., 265 units/hr. and 271 units/hr.), a finding also made 
t by Cubberley (6) and Nyhus (18). 
4 Macrocytic Anaemia of Fish Tapeworm. — The group included 
13 patients (8 men and 5 women). The mean age was 51. Tapeworm 
“ ova were found in the faeces in each of the cases. The average pH of 
“ gastric juice was 5 which must be considered lower than the pH in 


r cryptogenetic pernicious anaemia. The uropepsinogen value 


} obtained was not significantly different from the control value 
; (Table 1). 

Essential Hypochromic Anaemia. — The group included 5 
, patients (1 man and 4 women) whose mean age was 36. The aver- 
, age uropepsinogen value was no different from the control value. 


Chronic Renal Insufficiency. — Chronic malignant nephropathy 
generally results in achlorhydria and at the same time E. coli may 
appear in the gastric juice, as e.g. Levanto (14) has demonstrated. 
The excretion of uropepsinogen of two renal insufficiency cases 
was therefore studied. One patient was a youth of 18 in whom renal 
insufficiency had developed from a urinary tract anomaly. His 
uropepsinogen excretion was extremely low (3 units/hr.). The 
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other patient (a woman of 59) was suffering from the nephrotic 
stage of chronic nephritis. No uropepsinogen was found in her 
urine. This patient had free hydrochloric acid in her stomach (pH 
2.6) and consequently the absence of uropepsinogen in the urine 
could not be attributed to the cessation of the secretion of gastric 
glands but was due rather to poor function of the kidneys. 

Effect of Cortisone Therapy. — In three patients in whom the 
effect of cortisone therapy (prednison) on uropepsinogen excretion 
was studied the excretion of uropepsinogen seemed to increase during 
therapy (values before the administration of cortisone 68 units/hr. 
97 units/hr. and 231 units/hr. and during cortisone therapy 279 
units/hr., 147 units/hr. and 345 units/hr.). The results agree well 
with what has generally been ascertained previously. 

Correlation between Uropepsinogen Excretion and the pH of 
Gastric Juice. — To find out to what extent there is a general corre- 
lation between uropepsinogen excretion and the HCI secretion of 
the stomach, uropepsinogen excretion and the gastric juice pH were 
compared in 52 cases of the material. The correlation was — 0.23+ 
0.14, which must be regarded as incidental. On the other hand, if the 
comparison is applied to values above and below pH 3.5 (limit 
value for the presence of free hydrochloric acid), at pH < 3.5 the 
average uropepsinogen was 153 units/hr. (e = -+21.0) and at 
pH > 3.5 the uropepsinogen was 85 units/hr. (e = +12.9). This 
difference was significant and showed a lower uropepsinogen excre- 
tion to be associated with higher pH values, as could be 
expected (13). 


SUMMARY AND CONCLUSIONS 


The uropepsinogen excretion of 170 patients was investigated. 
The control value arrived at was 90 units/hr. (e = +13.1). High 
values were registered in cases of duodenal ulcer, especially in con- 
nection with pyloric stenosis. Low values were typical of cases 
with a high-lying and extensive gastric cancer and to some extent 
after gastrectomies performed for gastric and duodenal ulcers. 
This was established both early post-operatively, and also in 
patients complaining of postcibal distress with whom a longer 
period had elapsed since gastrectomy. Uropepsinogen excretion was 
0 units/hr. after total gastrectomy and proximal gastric resection. 
Great differences between individual cases within a group showed 











CLINICAL SIGNIFICANCE OF UROPEPSINOGEN DETERMINATION 165 


that the determination of uropepsinogen excretion is not a rule of 
any considerable significance in individual cases. Low uropepsino- 
gen values may support a diagnosis of cancer only in the identifica- 
tion of high cancers difficult to demonstrate roentgenologically. 
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In a previous study (2) we found that already a dose of 1 ml 
of 10 per cent hydrochloric acid given three times daily into a 
fasting stomach clearly reduced the urinary indican excretion in 
achlorhydria. The effect on the serum indican level, on the other 
hand, was indefinite. We were then of the opinion that it was 
difficult to attribute the reduction seen in the indican excretion to 
the decreased putrification resulting from the sterilisation of 
gastric and upper intestinal contents by hydrochloric acid. Our 
opinion was based not only on the absence of an effect on the serum 
indican but also on the finding that the urinary indican excretion 
immediately reverted to normal after discontinuation of hydro- 
chloric acid administration, regardless of the fact that, for example, 
Esch. coli has not been observed to reappear in the gastric contents 
until about two weeks after discontinuation of the hydrochloric 
acid (5). Our opinion was further supported by the fact that in 
achlorhydria the administration of hydrochloric acid was not 
found to have any effect on the urinary excretion of phenols (4) 
although volatile phenols, at least, are a result of intestinal putri- 
fication. 

The effect of hydrochloric acid on the indican excretion is 
evidently not due to acidosis (2). Furthermore, hydrochloric acid 
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administration does not influence the intestinal detoxication 
mechanism, not at least the glucuronide synthesis (3). 

In addition to sterilising the contents of the stomach and the 
small intestine, administered hydrochloric acid has in achlorhydria 
a relatively pronounced stimulating effect on external pancreatic 
secretion. In the following study we therefore observed the effect 
of pancreatic stimulation on indican metabolism. 

Three test subjects, two of whom had achlorhydria, were given 
an intramuscular injection of 40 units of secretine (Secretine Sinbio) 
thrice daily during 3 days into the fasting stomach. The test days | 
were preceded by 2 and followed by 1 or 2 control days. The 24- 
hour urinary indican excretion was determined daily, using Parker’s 
modification of the Askenstedt method. 


TABLE 1 


24-HOUR URINARY EXCRETION OF INDICAN IN MG AFTER SECRETIN 














Test Subjects 
Day 

I Il III 
1 14,2 26.3 18.4 
Control days 2 11.0 2135 25.7 
eee eee ee ee 3 12.6 27.3 19.8 
Secretin-days 4 10.4 22.1 = 
5 13.8 26.0 23 5 
ee 6 11.8 20.8 16.2 
Control days 7 13.6 ao —_ 























As is seen from the table, the stimulation of pancreatic function 
by secretine had no effect on the 24-hour indican excretion. 

In addition to the urinary excretion, the immediate effect of 
an intramuscular injection of secretine (40 units) on the serum 
indican level was observed in 3 test subjects. Likewise the serum 
indican after hydrochloric acid administration (2.5 ml of 10 per 
cent hydrochloric acid diluted with water) was studied in 3 test 
subjects. The serum indican determinations were carried out by the 
Monias-Shapiro method, as in our earlier studies, and were made 
1, 1 and 2 hours after the administration of secretine and hydro- 
chloric acid. No changes in the serum indican level were observed in 


these tests. 
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DISCUSSION 


On the basis of the above tests it seems evident that pancreatic 
stimulation does not produce changes in the urinary indican excre- 
tion. Stimulation of the pancreas by secretine or hydrochloric acid 
does not produce changes in the serum indican level immediately 
after the stimulation. Thus the lowering effect of hydrochloric acid 
on the urinary indican excretion in achlorhydria cannot be based on 
the pancreatic stimulation by hydrochloric acid. 

The natural explanation for this effect of hydrochloric acid 
is, aS was stated above, the sterilisation of gastric and intestinal 
contents by hydrochloric acid. Since no other explanation appears 
probable in the light of the present and earlier studies carried out 
by us, it appears that we must in the first place accept this theory, 
regardless of the fact that it is difficult to understand certain details 
mentioned in the beginning of this paper. We give below some of 
the possible explanations of these conflicting findings. 

The difference in the effect of hydrochloric acid on indican 
and phenol excretion may possibly be due to limitation of the 
sterilisation by hydrochloric acid to, besides the stomach, only the 
upper small intestine and the putrification taking place there. As 
is well known, the absorption of indol from the colon is slight and 
it seems probable that the increased indican excretion in achlor- 
hydria (1) is chiefly due to putrification in the small intestine and 
to indol absorption there. Phenols, on the other hand, are perhaps 
to a greater extent resorbed in the colon, where the putrification is 
not influenced by hydrochloric acid administration. 

The rapid reversion of urinary indican to its previous level 
after hydrochloric acid despite the fact that, for instance, Esch. 
coli flora reappears in the stomach only about two weeks later, 
possibly finds its explanation in the considerably shorter duration 
of sterilisation by hydrochloric acid in the small intestine than in the 
stomach. 

The fact that hydrochloric acid does not have a clear effect 
on the serum indican level is perhaps ascribable to the fact that 
this level is dependent in the first place on hepatic regulation and 
only in the second place on variations in the intestinal putrification. 

Regardless of these numerous unconfirmed additional explana- 
tions and in the absence of other possibilities of explanation at 











INDICAN METABOLISM IN ACHLORHYDRIA 169 


this time, the effect of hydrochloric acid on indican excretion in 
achlorhydria may in our opinion, as was already stated, best 
be attributed to the decreased intestinal putrification caused by 
hydrochloric acid. 


SUMMARY 


Pancreatic stimulation does not have any effect on the urinary 
indican excretion or the serum level of indican in achlorhydria. 
The writers discuss the mechanism of effect to which the decreasing 
effect of hydrochloric acid on the indican excretion in achlorhydria 
possibly may be ascribed. 
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ACTH and corticosteroids regularly cause an increased acid 
gastric secretion. This has been regarded as one of the reasons for 
the promoting effect of these hormones on peptic ulcers. Similarly, 
ACTH especially has been found to increase the excretion of 
uropepsin. According to the latest investigations the increase is 
not due to the greater gastric pepsin output but to an elevated renal 
pepsinogen clearence (2). 

Fluorohydrocortisone (FHC) is anew cortisone preparation 
whose glucocorticoid activity is stated to be approximately 20 
times greater and its electrolyte effect about 100 times greater than 
that of hydrocortisone. In relatively small doses it also is effective 
in suppressing the secretion of ACTH. We have found in the litera- 
ture no reports on the effect of FHC on acid gastric secretion and 
uropepsin excretion. Although the clinical use of FHC will pre- 
sumably remain rather small because of its high electrolyte activity, 
information on its effect on acid gastric secretion may be of prac- 
tical importance. 

The object of the study reported in the following was to observe 
the effect of FHC on the acid gastric secretion and the excre- 
tion of uropepsin. 
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HYDROCHLORID ACID 


We studied the effect of FHC on acid gastric secre- 
tion by observing its effect on the postprandial acidity of the 
gastric contents, the evening secretion, and the secretion following 
histamine stimulation. 

A normal meat-rich meal causes a maximum physiological secre- 
tion of hydrochloric acid (1). About 1 hour after the meal, when the 
neutralising effect of food gradually decreases, the pH of the gastric 
contents declines to an average of 3, and 2 hours after the meal to 
below pH 2. We studied the acidity of the gastric contents of 8 test — 
subjects, 6 of whom had peptic ulcer, at intervals of 15 min. starting 
1 hour after a standardised meat-rich meal. After the first test 
meal the subjects were given 1 mg of FHC (Fluorocortisone Acetate, 
Squibb) twice a day during 2 days. On the morning of the third 
day they received 1 mg of FHC, after which the test meal was 
repeated. 
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As is seen in fig. 1, FHC had no effect on the acidity of the 
postprandial gastric content. 

In 8 test subjects with duodenal ulcer the effect of FHC on the 
evening secretion was observed. A control sample was taken in the 
evening 5 hours after the last meal. The test subjects were then 
given 1 mg of FHC twice a day during 2 days and a sample was 
taken on the evening of the second day. The average volume of 
evening secretion was 43 ml before the administration of FHC and 
48 ml after FHC, and the pH values were 1.7 and 1.8, respectively. 
Thus FHC was not found to have had any effect. 

FHC was also not found to influence the results of the hista- 
mine test (fig. 2). The series in this group comprised 10 test sub- 
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jects. After a control histamine test (0.1 mg of histamine per 10 kg 
of body weight) the test subjects in this group were given 1 mg of 
FHC twice a day during 2 days. On the morning of the third test 
day they were again given 1 mg of FHC, after which the histamine 
test was repeated. 
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UROPEPSIN 


Uropepsin determinations were made by the method of West 
et al. (3) which is based on the milk coagulation effect of pepsin. The 
series consisted of 14 test subjects, 8 of whom had peptic ulcer. 
After 2 control days the subjects were given 1 mg of FHC twice a day 
during 4 days. The uropepsin excretion was determined during the 
control and FHC days and also during 2—4 days after FHC admin- 
istration. Since it appeared at first that FHC might perhaps influ- 
ence the excretion of uropepsin in persons with an increased basic | 
excretion of uropepsin, the series was divided into two groups: 
1) 8 test subjects with an increased uropepsin excretion, and 2) 5 test 
subjects with normal uropepsin excretion. 
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—_—_—_—_—_——— test subjects with an increased uropepsin excretion. 
—--------- test subjects with normal uropepsin excretion. 


The results are shown in fig. 3, according to which FHC has no 
effect on the excretion of uropepsin. The relatively high uropepsin 
excretion in group 1 on the first control day is presumably due 
to inaccuracies in the collection of the 24-hours urine. 
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DISCUSSION 


On basis of the results obtained in this study it appears evident 
that the daily dose of 2 mg of FHC used has no effect on the acid 
gastric secretion or the uropepsin excretion regardless of the fact 
that this dose should correspond in its electrolyte effect to 200 mg 
of hydrocortisone and its glucocorticoid activity to 40 mg of hydro- 
cortisone. 

In view of the negative result it is evident that, in comparison 
to hydrocortisone, the stimulating effect of FHC on gastric secre- 
tion is not increased to the same extent as the other activities men- 
tioned above. The inhibiting action of FHC on ACTH secretion may 
furthermore influence the results. 


SUMMARY 


The writers observed the effect of fluorohydrocortisone (2 mg 
daily) on the acid gastric secretion and on uropepsin excre- 
tion, and obtained negative results. 
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The role of psychic stress in the etiology of coronary atheroscle- 
rosis is still obscure. It is a common belief that the increasing inci- 
dence of coronary heart disease is somehow correlated to the stress 
and strain of modern civilized life. There is as yet, however, no 
absolute evidence supporting this concept. On the basis of their 
cases some workers have concluded that repeated emotional dis- 
turbances or continued mental worries contribute to the evelope- 
ment of coronary heart disease (e.g. 10, 13). In some statistics 
the incidence of fatal myocardial infarction has been shown to be 
in correlation to occupation, being greatest in occupations associated 
with the most serious mental stress (2, 6, 13), while in other statistics 
no such correlation has been observed (4, 8). According to Arnott (1) 
there is so far no scientifically credible basis to blame mental stress 
and strain for ischaemic heart disease. 

It has been shown experimentally that psychic stress can produce 
cardiovascular lesions in animals. Naddtanen (7) observed cardio- 
vascular lesions in rats exposed for varying periods to severe visual 
and auditory stress. Weininger (15) has shown that emotional factors 
influence the severity of heart and vascular lesions produced by severe 


12 — Ann. Med. Exper. Fenn. Vol. 36. Fase. 2. 
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stress in rats. A part of his animals were gentled during the growth 
period, while the control animals were not gentled. Later on the 
animals were immobilized on their backs for a period of 48 hours. 
The gentled animals had significantly less heart and vascular lesions 
than the controls. 

In coronary atherosclerosis the blood lipids are thought to play 
a role as an etiological factor. According to Schrade (12) also psychic 
factors and the vegetative nervous system may influence the blood 
lipid levels. No experimental studies were found in the literature 
concerning the effect of continued psychic stress on blood cholestero! 
and atherogenesis. The present study was undertaken in order 
to investigate whether psychic stress influences the serum cholesterol 
level, and whether such stress alone or combined with cholesterol 
feeding induces coronary atherosclerosis in rats. 


MATERIAL AND METHODS 


Forty male albino rats of Sprague-Dawley strain were used. 
The animals were of approximately the same age and weight. The 
experiment lasted six and a half months. Two diets were used: 


1) Cholesterol diet: 2) Control diet: 
cornmeal .... 40 per cent cornmeal .... 45 per cent 
oatmeal .... 40 » » oatmeal .... 50 »~ » 
grated cheese 5 »  » grated cheese 5 »  » 
cholesterol .. 5 »~ » 


» » 


During the first six weeks the fat used was lard and thereafter 
tallow. In the middle of the experimental period the amount of 
tallow in the diet was reduced to 5 per cent and the amount of the 
meals correspondingly increased. The animals were divided into 
four groups of 10 animals each. Groups I and II were fed the control 
diet, groups III and IV the cholesterol diet. The diets were given 
ad libitum. 

The rats in groups II and IV were exposed for six to eight hours 
daily to the irritation of light flashes and sudden noises. During 
these hours the cage in which the animals were kept was otherwise 
dark. The light flashes were produced by means of a bright electric 
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lamp which was lit every other second. Auditory irritation was 
produced by a loud ringing bell and by a shrill buzzer, both activated 
at irregular intervals of 10 to 30 seconds. 

Blood samples were taken from the tail tip under brief aether 
anesthesia. The serum cholesterol was determined by the Schoen- 
heimer-Sperry method (11) modified by Sperry and Webb (14). 
When the experiment had lasted six and a half months the rats were 
killed by decapitation and the heart, kidneys, liver, testes, thymus, 
thyroid, and adrenals were weighed. The heart was fixed in 
10 per cent neutral formalin and then sectioned at 10 uw with a - 
freezing microtome. The sections were made at six transversal levels 
500 « apart beginning at the auriculoventricular junktion. The 
sections were stained with hematoxylin and Sudan IV. The coronary 
arteries were examined microscopically for atherosclerotic lesions. 


RESULTS 


During the first weeks of the experiment the stressed rats re- 
sponded to the treatment by being restless and quarrelsome; later 
they became more passive and tried to hide under each other. Thus 


they seemed to adapt themselves somewhat to the stress. Some 
animals from every group, in total 9 animals, died during the experi- 
ment due to respiratory infections. 

The serum cholesterol values of the animals receiving the con- 
trol diet remained essentially unchanged during the whole experi- 
mental period, irrespectively whether they were subjected to the 
stress or not. The cholesterol values of the animals given the cho- 
lesterol diet began to rise above normal after one and a half month 
and were significantly higher after three months (Table 1). There 
were no significant differences in the values of the stressed and 
control animals. 

At the end of the experiment the mean weight gain was signif- 
icantly smaller in group II (stressed animals) than in group I 
(controls) (Table 2). There was no difference between group III 
and group IV. The absolute and relative mean weights of the liver 
of the animals fed the cholesterol diet were significantly higher 
than those of the animals on the control diet. 

The testes of the stressed animals weighed significantly less 
than those of controls. The relative mean weight of the adrenals 
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TABLE 
MEAN SERUM CHOLESTEROL 
0 Days 4 Days 10 Days 17 Days | 
I Controls 40.5 + 2.2 41.8 + 3.5 48.3 + 1.8 46.7 + 2.9 
a1 Stress. ke cs 43.4 + 2.1 39.7 + 2.4 46.1 + 3.6 38.6 + 1.6 
III Controls 
+ Cholest.....} 43.6 + 2.6 40.2 + 2.0 40.1 + 2.8 33.7 + 2.7 
IV Stress+Cholest.}| 48.6 + 2.9 43.6 + 1.7 38.3 + 2.6 32.5 + 3.7 
TABLE} 
MEAN WEIGHTS OF ANIMALS AND MEAN WEIGHTS 0 RG! 
Initial Final Heart Kidneys Liver 
Weight | Weight | g |g/100g] g |g/100g] g | g/100g |, 
N=10/] N=9 
: 205 288 0.82 0.29 1.90 0.66 9.1 32 
Controls = 
+ 9.7 + 19.7 + 0.06} + 0.01) + 0.2 | + 0.03} + 0.6 + 0.1 - 
% N=aiO] N=s | | 6 
a 206 228 0.73} 0.32} 1.73] 0.78} 7.3 3.2 
Stress | 489 | + 16.6 | 40.07] 4 0.02| + 0.04] + 0.02] +06] 401 Jy 
III N = 10 = 6 
Controls 187 263 0.84 0.32 1.70 0.64 13.8 Sis 
+Cholest.} + 3.5 + 17.1 + 0.04) + 0.02} + 0.08} + 0.02} + 1.2 + 0.3 ee 
~~ S@uMlitesio#6otf€6CUutlhltc(i‘itéi‘i‘<i<‘i*S;t;t;é;:” ie 
Stress 193 262 0.83 0.32 1.59 0.63 12.5 4.8 
+Cholest.; + 4.9 + 26.5 + 0.05) + 0.02} + 0.05; + 0.01 1.1 + 0.1 aay 
Significance of I—II: I—III: 
differences p < 0.01 p < 0.001 
II—IV: 
p < 0.01 














, = Number of Animals. 
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BLE 1 

EROL VALUES + STANDARD ERROR AFTER 

ys 40 Days 2 Months 3 Months 4¥% Months 6% Months 

2.9 45.7441 | 43.542.6 | 40.1 + 2.6 47.6 + 5.1 44.34 4.2 

1.6 44.6 422 | 473 42.4 | 41.4 4 2.9 42.94 2.5 47.0 + 2.6 

2.7 48.24+2.9 | 53.5442 | 74.84 9.9 121.6 + 36.8 79.34 6.4 

3.7 | 51.4461 | 57.1444 | 67.4 + 6.1 97.4 + 13.2 | 132.3 4 21.3 

TABLE 

GHTS OMRGANS (ABSOLUTE AND RELATIVE) -++ STANDARD ERROR 

T Testes Adrenals Thyroid Thymus 

100 g g g/100 g mg mg/100 g mg mg/100 g mg mg/100 g 
3.2 2.96 1.04 40.9 14.5 100 35.0 143 49.5 

= 9.1 140.6 | + 0.08 32) 403 | 417.1) 45.8 | 414.7) 41.7 
3.2 2.23 0.87 44.4 20.1 69.9 31.0 102 44.9 

- 9.1 [4 0.02 + 0.07 3.5 ie 239 + 964 +39 + 14.3} +9.1 
5.2 2.61 0.99 44.8 17.2 73.3 26.8 144 54.5 

0.3 ft 0.2 + 0.03 32 #13 +19.0} +4+5.9 + 33.0} + 6.2 
4.8 1.80 0.67 44,3 18.3 73.9 28.3 122 46.3 

70.1 740.62] +4 0.08 + 1.5 + 2.3 + 9.2) + 4.8 4+18.1| +6.2 

—IIl: I—II: I—II: 

0.001 p < 0.01 p < 9.001 

—IV: III—IV: 

4 0.01 p= 0.01 
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was significantly higher in group II (stressed animals) than in 
group I (controls). The corresponding difference between the groups 
fed the cholesterol diet (III and IV) was not significant. There were 
no significant differences in the relative mean weights of the heart, 
kidneys, thymus and thyroid in the four groups. 


DISCUSSION 


When the rats were exposed to long continued visual and 
auditory stress the serum cholesterol values did not differ from those 
of the control animals. When the stress was combined with cholester- 
ol feeding, the increase in the serum cholesterol values was of the 
same magnitude as that of the control animals on cholesterol diet. 
Schrade (12) has shown that the central nervous system influences 
the serum cholesterol values, but his method of irritating the brain 
locally is quite different from ours. 

The visual and auditory stress in our experiment did not cause 
any lesions of the coronary arteries. Neither could Rothlin et al. (9) 
show any histological lesions in the hearts of rats made hypertensive 
by long continued auditory irritation. Néadtanen (7), however, who 
subjected rats for 12—105 days to severe visual and auditory stress, 
observed hypertrophy and myodegeneration of the heart of the 
animals and even thrombosis in one coronary artery. The stress to 
which the animals were exposed in his work was perhaps more intense 
than in our experiment, in which no extreme stress was attempted. 
That the stress used in our experiment was effective is indicated 
by the significant involution of the testes of the stressed animals 
and by the significantly higher relative mean weights of the adrenals 
in group II. Jaénkala and Naatdnen (3) have shown that visual and 
auditory stress causes atrophy of the testes in rats when continued 
for a long time. 

It is thus noteworthy that effective stress can be continued as 
long as six and a half months without any effect on the blood 
cholesterol level or the coronary arteries of the rat. 


SUMMARY 


An attempt was made to induce changes in the serum cholesterol 
level and the coronary arteries of rats by prolonged stress caused 
by intermittent visual and auditory irritation. A part of the animals 
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exposed to the stress and also of the control animals were fed a 
diet containing 5 per cent cholesterol. Exposure to the stress was 
continued for 6 and a half months. The stress caused no significant 
change in the serum cholesterol level and no definite changes in the 
coronary arteries of rats fed either the control diet or the cholesterol 
diet. 


to 
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FROM THE MEDICAL CLINIC OF THE UNIVERSITY OF TURKU 


DAY-TO-DAY VARIATION IN INTRAMUSCULAR AND 
INTRAVENOUS PHENOLSULPHONPHTHALEIN EXCRE- 
TION TESTS 


by 
ANTERO KASANEN and EERO HAAHTI 
(Received for publication February 13, 1958) 


Phenolsulphonphthalein is excreted by 94 per cent of the 
tubules (1). Phlorhizin blocks the excretion of phenolsulphon- 
phthalein in the tubules and decreases the ratio between phenol- 
sulphonphthalein and inulin clearance (8). Diminished diuresis 
affects the excretion of phenolsulphonphthalein (5). As it is also 
excreted by the bile, the function of the liver affects the test 
result (7). Phenolsulphonphthalein is partly bound to plasma pro- 
tein (2); this bond is reversible and consequently the fluctuation in 
this protein binding affects the excretory capacity of the tubules. 
Age and anemia have no effect on the test results (4). 

As the laboratory determination of phenolsulphonphthalein is 
easy, the physiological variation which occurs in a patient from 
day to day is of decisive influence for the reliability of the test 
results. As we have found no mention of this physiological variation 
in the literature, we decided to study the matter with the simultane- 
ous aim of finding out whether the intravenous test is better than 
the intramuscular. 

We performed 100 patients, on two successive days, an intra- 
muscular 2-hour phenolsulphonphthalein excretion test; on 25 
patients the corresponding intravenous test was made; and on 
25 patients both an intramuscular and intravenous test in the same 
way. Only the tests in which diuresis was sufficient were taken into 
consideration. 
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INTRAMUSCULAR AND INTRAVENOUS PHENOLSULPHONPHTHALEIN 


TABLE 1 
DAY-TO-DAY VARIATION IN INTRAMUSCULAR AND INTRAVENOUS PHENOLSULPHON- 
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PHTHALEIN EXCRETION TESTS 
Intravenous rg os 
Intramuscular Test (n 100) Test (n 25) vain “Sak 

= (n 25) 

I Day |II Day} I Day |II Day} I Day |II Day| I Day II Day| I Day |II Day} im. | icv. 
12 | 15 | 76 | 99 | 27 | 37 | 36 | 38 | 63 | 79 | 39 | 83 
17 | 24 | 62 | 66 9 | 13 | 41 4 | 42 | 51 | 24 | 64 
32 | 88 | 37 | 91 | 32 | 68 | 40 | 64 | 6o | 74 | 46 | 36 
27 44 62 74 21 | 22 39 51 89 | 78 52 | 80 
23 | 36 | 51 46 5 7 | 71 | 6 | 62 | 62 | 25 1 
63 | 32 | 72 | 48 | 33 | 56 | 36 | 52 | 6o | 89 | 52 | 71 
18 6 | 67 | 38 4 | 8 | 55 | 56 0 | 7 2/41 
21 | 29 | 100 | 85 0 | 44 | 42 | 43 6 2 | 14 | 34 
19 | 52 | 41 | 69 | 26 | 45 | 36 | 61 64 74 | 68 | 67 
26 | 27 | 75 | 78 | 18 8 | 66 | 67 | 52 | 46 | 64 | 76 
43 19 62 | 49 20: |. 48 59 71 7H) 92 i 6 

0 o | 46 | 81 7 | 36 | 83 | 72 | 78 | 76 | 73 | 90 
14 | 24 | 73 | 66 | 20 | 12 | 37 | 68 | 64 | 77 | 65 | 75 
17 | 29 | 44 | 48 | 31 30 | 36 | 27 | 70 | 83 9 | 18 
32 | 37 | 54 | 46 | 18 | 56 | 66 | 58 | 85 | 86 | 78 | 74 
60 | 34 | 53 | 67 | 40 | 46 | 41 | 60 | 75 | 81 58 | 78 
42 | 43 | 75 | 62 | 38 | 21 ao |) m= | ww) 0 | 0 
35 | 27 | 50 | 75 | 41 | 21 | 52 | 64 6 | 1 | 25 | 69 
44 | 41 | 47 | 65 | 57 | 36 | 99 | 52 | 14 | 46 5 4 
47 26 53 69 39 74 46 50 73 80 2 | 18 
48 | 71 | 53 | 84 | 35 | 56 | 41 | 64 | 56 | 55 | 55 | 53 
40 38 43 57 83 65 54 40 96 de 71 | 68 
39 | 47 | 36 | 23 | 44 | 31 48 | 52 | 38 | 79 | 28 | 33 
60 74 68 50 60 81 6 | 5 90 | 88 26 | 69 
72 | 97 | 64 | 40 | 72 | 91 ss | 56 | 71 | 66 | 54 | 55 
































Table I gives the results. The physiological standard error of 


the intramuscular 2-hour phenolsulphonphthalein excretion test 
was + 14.1 per cent. The difference of the parallel tests was not 
correlated with the absolute value of the test, and thus physiological 
variations were higher in renal diseases. The first intramuscular test 
gave a misleading result indicative of renal insufficiency in 8 out 
of 100 cases. 


The standard error of the intravenous 2-hour phenolsulphon- 


phthalein excretion test was — 13.9 per cent. In two cases out of 


25 the first test gave a false indication of renal insufficiency. 
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For a given patient, the intravenous excretion test result was 
13 + 3 per cent higher than the intramuscular test. In three cases 
the intravenous test was 40 per cent higher than the intramuscular. 


DISCUSSION 


MacKay (6) found that urea clearance varied 15—20 per cent 
in one person from day to day. Kasanen (3) found that the clear- 
ance of endogenous indican varied 50—150 per cent on the average. 
In our series the averages of the different groups were c. 40 per cent 
and the standard error c. + 13 per cent. Thus the variation is of 
the same magnitude as in the other renal tests. 


SUMMARY 


The 2-hour intravenous phenolsulphonphthalein excretion test 
yields values which are statistically significantly greater than the 
values given by the intramuscular phenolsulphonphthalein excre- 
tion test, but the physiological variation is equally great in both 


groups. 
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FROM THE DEPARTMENT OF ANATOMY, UNIVERSITY OF TURKU 


DIURETIC EFFECT OF CHLORPROMAZINE 


WITH SPECIAL REFERENCE TO THE HYPOTHALAMIC NEURO- 
SECRETORY SUBSTANCE 


by 
FE KIVALO,! U. K. RINNE! and P. MARJANEN 


(Received for publication February 10, 1958) 


In experimental as well as in clinical investigations chlorpro- 
mazine has been found to affect diuresis (4, 7, 10). Parrish & Levine 
and Cohen have observed in clinical tests that therapeutic chlor- 
promazine doses cause distinct increase of urinary excretion. 
Moreover, the first-mentioned authors have observed that discharge 
of the antidiuretic hormone-like substance into the urine is signific- 
antly decreased as compared with the controls. In animal tests, on 
the other hand, the results have been controversial. e.g. Dasgupta 
& Hausler (6) not observing any significant diuretic effect from 
chlorpromazine, whereas Garattini & Valzelli state that chlor- 
promazine possesses an antidiuretic effect. 

The influence of chlorpromazine upon the organism is primarily 
due to its depressive effect upon the central nervous system in the 
formatio reticularis of the brain stem and in the hypothalamus of 
the diencephalon (5, 8). In an earlier publication (9) the present 
authors have observed that chlorpromazine causes reduction in 
quantity of the neurosecretory substance in the neurohypophysis 
of the rat as compared with the controls. Since the above-mentioned 
investigations seem to indicate that the effect of chlorpromazine 
upon diuresis would be primarily of hypothalamo-hypophysial 
character, we have carried out a study with the aim of determining 


1 Aided by a grant from the Sigrid Jusélius Foundation. 
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the effect of chlorpromazine upon the hypothalamic neurosecretory 
substance. This substance has to be considered the carrier of the 
hormones originating in the hypothalamus, the antidiuretic hor- 
mone and oxytocin, or alternatively this histologically demonstrable 
substance is composed of these principles (2). At the same time we 
have studied the influence of chlorpromazine upon the quantity of 
antidiuretic hormone in the blood and upon the urinary excretion. 


MATERIAL AND METHODS 


The experimental series consisted of 16 white female rats, their 
weights varying between about 160—190 g. 

Eight control animals were injected daily with aqua destillata. 
An equal number of experimental animals were given chlorproma- 
zine (»Largactil, May and Baker) 25 mg per kg subcutaneously 
every day for seven days. The quantity of drinking water con- 
sumed and of urine discharged was measured daily both with the 
controls and the test animals during about one week prior to com- 
mencement of the test and throughout the test. In other respects 
the animals of both series were treated in the same manner as the 
other animals in the institute and they were given food and drink 
ad libitum. 

Twenty-four hours after the last injection the experimental 
animals were exterminated by rapid decapitation. The antidiuretic 
substance in the serum was determined according to the bioassay of 
Birnie, Eversole, Boss, Osborn and Gaunt (3). Hypophysis and 
hypothalamus were immediately excised and fixed in Boun’s solu- 
tion. The specimens were treated in the usual manner and embedded 
in paraffin. The cuts were stained by Gomori’s aldehyde-fuchsin 


method. 
RESULTS 


It was found from the observations of water consumption that 
during the time when they were given chlorpromazine the animals 
of the test series took less water than the controls (Fig. 2). Measure- 
ment of the urinary excretion prior to the experiment showed it 
to be fairly uniform in the test series and in the control series. On 
the other hand the daily urine quantity of the test animals was found 
to be clearly increased during the test, as compared with the con- 
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Fig. 1. — Daily urine output in controls ((_|—[-| and O—O) and in chlor- 
promazine treated animals (Hi—@ and @—@). Each curve represents pooled 
urine output of four animals. 
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Fig. 2. — Daily fluid intake in controls ({_|—[{_| and O— O) and in chlor- 
promazine treated animals (§—{ and @—®@). Each curve represents the 
fluid intake pooled of four animals. 
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Fig. 3. — Showing the effect on water excretion produced after 30, 60 and 90 
minutes by the injection of hydrated test animals with 1 ml. samples of serum 
from controls ({_ |) and chlorpromazine treated animals (J). 


trols (Fig. 1). On the bioassay of the antidiuretic substance in the 
blood, which was performed after the termination of the test, the 
amount of this substance was found to be less in the blood of the 
animals that had been under chlorpromazine administration than 
in the controls (Fig. 3). 

Study of the quantity of neurosecretory substance of the hypo- 
physis by means of the aldehyde-fuchsin staining method gave a 
result in agreement with our previous results (9): the animals of the 
test series showed clearly reduced amount of neurosecretory sub- 
stance as compared with the controls. The magnocellular nuclei 
cells of the supraoptic nucleus and paraventricular nucleus of the 
hypothalamus were similary investigated by the aldehyde-fuchsin 
method and it was found that no distinct difference could be 
observed between the test animals and the controls with regard 
to the quantity of neurosecretory substance in the cells of the 
supraoptic nucleus nor of the paraventricular nucleus. 
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DISCUSSION 


On discussion of the results, attention is firstly drawn to the 
circumstance that the animals of the test series took less beverage 
than the controls but their urinary excretion had on the contrary 
increased in comparison with the control animals. An explanation 
of this paradoxical result can probably be derived from the fact 
that owing to the depressive effect of chlorpromazine upon the 
hypothalamus (5, 8) antidiuretic hormone cannot be secreted 
normally and at the same time also the thirst center of the hypo- 
thalamus is depressed. Although the antidiuretic hormone assay — 
performed in our investigation is relatively nonspecific, it should 
be possible to consider its result an indication that the diuresis 
caused by chlorpromazine is attributable, in part at least, to decrease 
of the antidiuretic hormone content of the blood which, in its 
turn, probably is a consequence of the lowered activity of the 
hypothalamus. In agreement with this reasoning is also the in- 
vestigation carried out by Parrish & Levine (10), according to which 
patients who had received chlorpromazine showed significantly 
reduced discharge of the antidiuretic hormone-like substance into 
the urine, as compared with the controls. The reduced quantity 
of neurosecretory substance in the posterior pituitary can probably 
be explained on the following basis: At first, the organism obviously 
tends, on account of osmotic phenomena, to counteract the in- 
creased diuresis, resulting in depletion of the stock of neurosecretory 
substance; the hypothalamus being depressed, new neurosecretory 
material cannot be formed, at least no in equal quantities as 
normally. On stimulation of the supraoptic nucleus and para- 
ventricular nucleus of the hypothalamus, e.g., by dehydration, it 
has been found that hypertrophic cells containing little neuro- 
secretory substance are an indication of increased secretory activity 
e.g., (1). On the other hand it would seem in the light of the present 
investigation that demonstration of reduced cellular activity by 
means of the neurosecretory substance alone is exceedingly diffi- 
cult, inasmuch as we have not observed any noteworthy differences 
in the neurosecretory substance content of the hypothalamic nuclei 
between the animals of the test series and the controls, while the 
other results obtained in the experiment speak in favour of reduced 
hypothalamic activity. 
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SUMMARY 


The influence of chlorpromazine upon diuresis has been in- 
vestigated with white rats as experimental animals. 

The animals which had been administered chlorpromazine 
took less beverage than the controls but their urinary excretion 
was increased, in comparison with the controls. The animals of 
the test series showed decreased quantity of antidiuretic substance 
in the blood and of neurosecretory substance in the posterior 
pituitary, whereas no significant difference between the test and con- 
trol series could be observed in regard to the neurosecretory sub- 
stance content in the supraoptic and paraventricular nuclei of the 
hypothalamus. It is suggested that the diuresis caused by chlor- 
promazine is probably attributable to depression of the hypo- 
thalamus. 
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Most investigations of the bacterial flora of the vagina deal with 
the effect of different bacteria on puerperal infections. Torrey and 
Reese (8, 9) and Weinstein (10) studied the normal flora of the 
birth-canal. Weinstein called attention to its composition just 
before delivery. According to him the bacteria of the coli-group, 
the streptococci, the diphtheroids and the lactobacilli may produce 
infections in an infant. Gosselin (2) has studied the spreading of the 
vaginal flora into the amniotic cavity at the different stages of 
labour. He found that the bacteria spread more rapidly during the 
contractions and that all the amniotic fluids he investigated were 
infected in 24 hours. Snyder (7) pointed out that a circulation of 
the amniotic fluid in the lungs of a foetus is physiologic. The effect 
of the infected amniotic fluid on postnatal mortality has been 
discussed in different connections. Keettel (3) has treated 835 
women near full term prophylactically with penicillin, to study the 
effect of any pulmonary infection on perinatal mortality. Compared 
with 897 control cases, no noteworthy difference was obtained by 
this treatment. Wichmann (11) studied the development of the 
intestinal flora of a newborn baby and maintained that the primary 
intestinal bacteria of the newborn derive from the bacteria in the 
mother’s vaginal and anal regions. He emphasized the fact that 
bacteria invade orally the upper parts of an infant’s intestine, and 
that the large intestine receives its bacterial flora rectally. 


13 — Ann. Med. Exper. Fenn. Vol. 36. Fasc. 2. 
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The frequency of mycotic infantile infections varies from 20 to 
50 per cent in different reports if only the cases verified by cultiva- 
tion are considered (4). Woodruff and Hesseltine (12) assume that 
the vagina is the origin of mycotic infections, while Anderson 
et al. (1) assume, on the basis of their own investigation, that a 
postnatal infection provides a more plausible explanation. 

The etiology of the infections in the newborn and the question 
of the way through which an infant receives its physiological 
bacterial flora are still being argued. Because of this, the present 
writers have made an attempt to investigate the possibility of 
foetal intrauterine infections and the role played by the birth 
canal in the etiology of an infant’s infection. We studied: 1) the 
first mucous aspiration from a newborn baby’s retropharynx and 
2) the correlation of these findings to the bacterial flora of the 
mother’s vagina. 


METHOD 


The pharyngeal samples were taken immediately after birth by 
sucking with a sterile rubber catheter the mucus from the retroph- 
arynx. The samples were immediately inoculated on a slant. An 
attempt was made to have a special person to take these samples 
to avoid infections from the midwife’s hands. The vaginal swabs 
were also inoculated on slants immediately afterwards. 

For the cultivation of bacteria, slants containing thioglycolate 
substrate were used. All of the slants were sent to the Department 
of Bacteriology of the University. Here, the slants were incubated 
overnight at + 37° C, after which secondary cultures were per- 
formed on sheep-blood agar-dishes. The dishes were inspected after 
24 hours of incubation at + 37° C. The micrococci were differen- 
tiated in coagulase positive, Micrococcus pyogenes and in co- 
agulase negative, Micrococcus saprophyticus. 

To subdivide the Gram-negative rods the following criteria were 
used: the formation of acids from glucose, mannitol and lactose, 
the formation of gas from glucose and mannitol, the production of 
indol and of H,S, the decomposition of urea and the motility test. 

To cultivate yeast and Trichomonas vaginalis the C.P.L.M. 
trichomonas substrate was used as the culture media. 

The resistance of all pathogenic strains was tested by the disk 


method. 
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RESULTS 
TABLE 1 
BACTERIA FOUND IN THE INFANTS’ PHARYNGES 
Bacteria Number 
of Cases 
IISCTOCOCCUS I VORENEOS <5 515 516 61010 66 4 els15:6 0 051091018 2 
» BEPC LOCUS oooh o56 3: cicndie sis ju spore 6 4alerave 30 
» » + Enterococcus ........ 1 
» » » -E. coli 1 
GAETRVAVTOEPA Beal 5 sir iss.0)seei's6510 once arieieiewie & wihie 21 
SNES CV 0g] 5 SIRS Pa 2 
MORES STRTAN aes testers cece to tatie ee oso, aical ah eisees Sua ts auahanaveuesbus toate 6 
» SPECIE) gta oso es oie Sie aus sra gests ave iw es as 2 
» + Bnterococels'-+- E.coli: . ccc ccsc es 2 
Streptococcus y-haemolyticus .................. 2 
» » SSOBACOM. 4.6% 6. xs are 2 
POPP ULSTCD C10) 211 a vr Bi 
» PEO A EUS IEC NN Ue ai sica be. aie suis Ste one aie is: oie ote ome 1 
RE RPNN Deis Meare talce cleat airs coeds ota Totayaieos b lellgr acts a) cles ehnie Sialelnus 4 78 
PSCCMEIIS HD ALACONS (505. 505 505) 56015 'b 5.056 aisieiaiweiesno-8ieck os 7 
REEMA etree a rorte 5 a iaice ea ao oe ssiib) on l6v'o.fo tab Vnslattavialvoriellonelsp.lecokons 2 
PSCOACMAVONCEMOMIAC 65.60655.6 655) 6000 occ s ee sue 1 
PEO VUUCHONE oreo ie 5 aus. i SRG 84 3 Hg HERS SiR DIOS 1 
PRM SCCESE ie irs 35 ais aslo S10 TS tooo sone so sarionie isirenaltecewwieveonshe 1 
OPTIC EE TE 10s (021 CF Re eee RRR CR Cre cP RE ae PR 9 
182 (70%) 
INNGBOLIVEG CHITIVAUIONS 6 oi oo os csis cone Geewone eee 80 
Total 262 


Table 1 shows the total amount of pharyngeal swabs examined 
in thioglycolate substrate. It is remarkable that Micrococcus pyo- 
genes was found only in two cases. Micrococcus saprophyticus was 
found in 32 cases; Streptococcus hemolyticus in four cases, twice 
in pure and twice in mixed infections. The coli-form bacteria 
appeared in 93 cases (51%) of which 85 were pure and 8 mixed 
cultures. Candida albicans appeared in 9 cultures. 

It is obvious that a number of the found bacteria could be 
aspirated from the mother’s vaginal flora. Therefore parallel investi- 
gations of the mother’s vaginal flora, during the first phase of 
labour, and of the newborn baby’s pharyngeal flora, immediately 
after delivery, were performed. 
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TABLE 2 
PARALLEL CULTURES FROM THE MOTHER’S VAGINA AND INFANT’S PHARYNX 


Mother’s Vagina 


Micrococcus pyogenes + Entero- 


Newborn’s Pharynx 








PaMMOMD O ae Rite ois aries ea Sis 1 — —_ 
M.pyogenes + E.coli + Entero- 

DEER Ea Caran ccs eohesee 1 Enterococcus + E.coli ........ 1 
M.pyogenes + E.coli .......... Me WRROMOINT Gators eye re ious is corte ne sstaneeiGlahc 1 
Micrococcus saprophyticus 1 — — 
M.saprof. + Enterococcus 1 Gaffkya tetragena ............ 1 

» + » + E.coli 1 _OF 0D Ue RASS Thy Sr era aa 1 
Gatlikya tetragena ............ 1 M.saprofyticus + Enterococcus 1 
Gaffkya tetragena + E.coli .... 1 — — 

Neisseria + E.coli + Entero- 

Neisseria + E.coli ............ 1 RUB ets isicioete a ods eee 1 
Neisseria +- E.coli ............ 1 Neisseria + E.coli ............ 1 
PERONR, ela ais Gino ie ek oslo ine aieie\e > 4 — — 
MAME ZeScbeaiicwadesks eu Sake AS 2) CO | UR eae erry ere crac e ae mene 2 
ee ee See aioe soos 2  Streptococcus-haemolyticus .... 2 
ROWUER ee arses ees ss o.56 0 i Gandida albicans «... 6.5.66... 1 
MEDAMAOOM 25s cies swws ss 2 —- — 
B.paracoli + Candida alb. 1 — = 
Alcaligenes faecalis .......... 1 — — 
Alcaligenes faecalis .......... 1 Microc.saprophyticus .......... 1 
Candida albicans ............ ME ES oer Ren ee error 1 
25 14 

Negative Cultivation ........ 5 Negative Cultivation ........ 16 
Total 30 Total 30 


Of 30 parallel analyses, the cultures of 25 vaginal and of 14 
pharyngeal swabs were positive. In 7 pairs, both the vaginal and 
pharyngeal swabs contained coli-form bacteria, and in three pairs 


the bacterial florae were identical. 


TABLE 3 
CULTIVATIONS OF CANDIDA AND TRICHOMONAS 


Candida albicans 


Trichomonas vaginalis .... 


Negative Cultivation 


ov e642 6 





Mother’s Newborn’s 
Vagina Pharynx 
See a4 1 
eich sits 2 2 
13 3 
BOG GIO SOO Oe 32 42 





Total 45 45 
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Table 3 reveals the results of the cultures in a trichomonas 
substrate of 45 parallel samples of mother and child. Trichomonas 
vaginalis was found only twice from the vaginal swabs but then 
also from the infants’ pharyngeal swabs. Candida was found in 
11 vaginal swabs, but only once in an infant’s pharyngeal swab. 


TABLE 4 


MICRO-ORGANISMS FOUND IN THE INFANTS’ PHARYNGES IN CASES WHERE THE 
MEMBRANE WAS PUNCTURED 








MICKOCOCCUSEDYGRENES) 6556 sicieie ees aes else ses one 1 
» SEY 0) 025 (Ca ee ra ee 7 
AGATE GUUS ERAN 55 20 9.0 eS Gs otis a Gare ote ieverncd sa avers era eeve 3 
Neisseria + Enterococcus + E.coli .............. 2 
» EMCO eae taiteo evens is Niaweeiciesalniate ae Bieta wis 2 
Streptococcus + haemolyticus + E.coli .......... 2 
ED TIUN CCE TE NG akc Foc 205 LAG -a:19 ochre corev ae Shea we ecelal a acsv 1 
» SAB OOME felecidncm eines acts ww isles alee 1 
PEC RRERIE ev ceredeigaxhetinic Soca Wek ae eee kaa va NeW! Sree UA Sel IS Cis 31 
PSACMEUSPARACOUE 5:2 i 6:eteisu0:1c' ies shaeuc sieiersi¢: Selelers wena 2 
RR CNENE rpc ers ayia ao! 5)sonss 9-60 -o sbirs Ze valiacnay Sivaveslave: wie) eterio ubyaeeuels 1 
CLINCH G PASE | Do) (ob ee nee eee a ee eR ee Z 
55 (69 %) 
PNECMAUIVE  CUIUIV AUTON. 5 555 51 ie aie ee arae sleveuere tens 25 
Total 80 


Table 4 shows the effect of puncturing the membrane on a 
newborn baby’s infections. When compared with the frequence of 
bacteria in the pharynges of the newborn in our total series, neither 
puncturing of the membrane nor rutine examination per vagina 
have increased the occurrence of bacteria; the relative frequence 
of: the coli-form bacteria was higher (73%) in these cases than the 
average of the coli-form bacteria (51%) in the whole series (Table 1). 

On the other hand, when taking into consideration the time 
between puncturing the membrane and the moment of birth, we 
could not find any correlation between this last phase of labour 
and the bacterial contamination of the infants pharynges. 
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TABLE 5 


MICRO-ORGANISMS FOUND IN THE INFANTS’ PHARYNGES IN CASES OF DISCOLOURED 
AMNIOTIC FLUID 





eC 1 i a a a 1 
» ENORMATPEAW REINS icc ots iio ides a jenna cose ai 6 
COU a) 1 (Re ee 5 
SEO [1 oS ees SES le area cen ee ere 2 
PEIGSETEA—— MA UINE, 5 15 %5 55 Gig. sini ore lait Sie winia ele ross leveievenss 2 
TMIR aoa ties Geo Gieneult sae es eae Mee ee anes 16 
SACRE MOREAINIE® © isos os so we ei kGS Riles bbe Reise 3 
SOPIRMNER EGR Eee cio hic kiwis o ois es Se nis a Seis ela O see 2 
SSERIRICMATIINCHINOINAE 651555566 6s) dipiaioia kids ie iaceins owe 1 
~ 38 (70.3%) 

ee Ue Gils oC ee 16 
Total 54 


The relation of discoloured amniotic fluid with the frequency of 
the bacteria is shown in Table 5. The frequency of bacteria, even 
that of the coli-group, was about the same in these cases as in 
the total series (Table 1). 


TABLE 6 


MICRO-ORGANISMS FOUND IN THE INFANTS’ PHARYNGES IN CASES OF CAESAREAN 
SECTION 


WECPOCOCCUS SAPTOPHVUCHS ....5...065. 06 esse eas 





NGPARE Ss WA MAC AM NERENREA. as ss 1s Jo, 10) 6 ls'c2/svs 5b sso wie BYSsa io 6 

RUEBEN ee Cie RAS Gass eek eee Giles soles Ge we awe 1 
16 (36%) 

PHEBAUIVO AGUMUIVOUION occ sec soe sis 00s oie os aces 28 

Total 44 


To check the influence of bacteria in the birth-canal upon the 
infections of the newborns, we studied the pharyngeal aspiration 
of infants delivered by caesarean section. Table 6 shows that the 
frequency of pharyngeal bacteria in this group was only 37%, Le. 
half of the frequency of the bacteria in general. All bacteria found 
in this group were saprophytic; no coli-form ones were found. 


RESISTANCE TESTS 


Resistance tests were performed with the found pathogenic 
bacteria. All strains of Micrococcus pyogenes were rather resistant 
and sensitive only to ervthromycin, matromycin, chloramphenico. 
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and neomycin-bacitracin. The other Gram-positive cocci were 
usually sensitive to penicillin and other antibiotics, but not to 
sulfa drugs. The bacteria of the coli-group and the majority 
of other Gram-negative rods were sensitive to streptomycin, aureo- 
mycin, terramycin, chloramphenicol and to combination of neo- 
mycin and bacitracin. Penicillin, erythromycin, matromycin and, 
surprisingly often, sulfa drugs were not effective. 


DISCUSSION 


It is difficult to decide how a newborn baby’s bacterial flora 
originates, whether the original bacteria come from the birth-canal 
during the birth or from the surrounding areas after birth. 

The total frequency of bacteria (70%) in the newborn babies’ 
pharynges, the quality of the flora and the parallel cultivations 
of vaginal secretions support the assumption that a newborn 
baby’s bacteria originate mostly in the birth-canal. The bacterial 
species obtained from the vagina in our cultivations were different 
from those found by Keettel ef al. (3), who found no Gram- 
negative species. Perhaps this is due to the fact that Keettel et 
al. examined samples taken 10 days before the delivery and 
analysed only the cervical mucus. Thus our bac- terial findings 
are not strictly comparable to theirs. 

The routine vaginal examination and puncturing the membrane 
did not increase the total frequency of bacteria in the infants’ 
pharynges. But the corresponding frequency of the coli-form bac- 
teria in these infants was higher (71°) than that in our total series 
(51%). This also supports the assumption that a newborn baby’s 
bacteria originate in the mother’s vagina. The bacteria found from 
infants delivered by caesarean section were saprophytic. It would 
seem probable that these bacteria derive mostly from surroundings 
and technical errors. Should any bacterial invasion through intact 
membranes take place, it would be logical to suppose that especially 
the pathogenic bacteria would penetrate the membranes. This did 
not, however, occur because the coli-form bacteria could hardly 
be missed in our analyses. Wichmann’s (11) assumption that infants’ 
primary intestinal bacteria originate in mother’s birth-canal seems 
probable. He observed bacteria in the meconium even 12 hours after 
delivery and assumed that the bacteria had invaded the intestine 
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rectally. According to the same investigator an infant’s primary 
bacterial flora of the upper parts of the intestine and of the respi- 
ratory region would be aspirated from the mother’s birth-canal. The 
frequence of the coli-form bacteria (51°) we found in the pharynges 
of the infants and the finding of Trichomonas vaginalis and Candida 
albicans support this assumption. 

Of course the quality of the bacterial flora does not depend only 
on implanted bacteria. The surface of the mucosa has a selective 
effect on the growth of bacteria. Smith and Blomfield (6) found 
that the vast numbers of staphylococci which come with mother’s 
milk cannot live on the pharyngeal mucosa. They assumed that 
most of the bacteria coming from the birth-canal would perish. 

It is difficult to define what effect the bacteria originating in the 
birth-canal have on producing infections in infant’s, but it is 
obvious that at least the bacteria of the coli-group are important. 
McGregor (5), for instance, found that in 42 cases out of 106 infantile 
pneumonia the disease was caused by coli-form bacteria. None of 
the infants in our series had any signs of infection while they were 
at the hospital, in spite of the many potentially pathogenic bacteria 
we found in them. 

However, it is obvious that more attention should be payed to 
the cleanliness of the birth-canal because 50% of the bacteria we 
found in the infants’ pharynges can become pathogenic in new 
circumstances. The high frequency of the Gram-negative bacteria 
in our series gives us a hint to use the broad spectrum antibiotics 
against infections of the newborns. 


SUMMARY 


Bacterial analyses of the first mucus from the retropharynx of 
307 infants were performed immediately after birth. Of these infants 
44 had been delivered by caesarean section, the rest being normal 
deliveries. In 30 cases the bacterial flora of the mother’s vagina, 
just before birth, was compared to the infant’s pharyngeal findings. 
In 45 cases parallel cultivations from the mother’s vagina and the 
infant’s pharynx were performed on trichomonas culture-media. 

In 70% of the cases of the cultures of the infant’s pharyngeal 
mucus were positive. 51% of the bacteria were coli-form. In two 
cases Trichomonas vaginalis was found in the mother’s vagina and 
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in the infant’s pharynx. Candida albicans was found only once in 
an infant’s pharynx. In the pharynges of infants delivered by 
caesarean section no pathogenic bacteria were found. The results 
support the assumption that the largest part of the infants’ pha- 
ryngeal bacterial flora originate in the mother’s birth-canal. 
The contamination is obviously physiological because no infant of 
our series had any signs of infection. 
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The toxicity of penicillin to guinea pigs was first studied by 
Hamre ef al. (4); since then this question has been frequently 
investigated. No generally accepted explanation has been put for- 
ward, however, concerning the reasons why an antibiotic of such 
low toxicity as penicillin is toxic specifically to guinea pigs. Allergy 
(1), direct neurotoxic action (6, 7, 13) and overgrowth of some 
bacteria (2, 8, 9, 10, 11, 12) have been among the reasons suggested. 
Strangely enough, many other antibiotics are also toxic-to the 
guinea pig, and the symptoms of toxicity are very similar. It has 
therefore been suggested that the intoxication mechanism is a 
common feature to all antibiotics (3). Since antibiotics absorbed 
through the intestines or antibiotics absorbed only to a very small 
extent are toxic, it has been assumed that the ultimate cause 
might be found in the gastrointestinal tract. However, it is difficult 
to account, in the light of the last-mentioned theory, for the ability 
of very small lethal single doses (500—666 pg/kg) of intravenous 
erythromycin in guinea pigs, forming a transient very low blood 
concentration, to change the intestinal flora to such a degree that 
the consequence is an overgrowth of micro-organisms capable in 
one way or another of killing the guinea pig. 

In one of their investigations Somer ef al. (2) called attention 
to the overgrowth of coliform bacilli in the intestinal tract of peni- 
cillin-treated guinea pigs and assumed that the toxins of E. coli 
caused the illness, since the blood cultures were repeatedly sterile 
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but a sterile culture filtrate of E. coli (sterilised with merthiolate) 
injected intraperitoneally produced the same clinical symptoma- 


tology. 
In view of these suggestions, the present writers decided to 


study the following questions: 


— whether any correlation exists between the symptoms in 
guinea pigs caused by colitoxins and penicillin; 
— whether any formation of antibodies to E. coli toxins is 


observable in the guinea pig given colitoxin; 

— whether any formation of these antibodies is observable 
in guinea pigs given penicillin; 

— whether a guinea pig given colitoxin over a longer period 
shows increased resistance to penicillin. 


IMMUNISATION OF GUINEA PIGS WITH COLITOXIN, AND 
ADMINISTRATION OF PENICILLIN 


TECHNIQUE OF COLITOXIN PREPARATION, IMMUNISATION AND 
DEMONSTRATION OF ANTICOLITOXIN 


The colitoxin used for the immunisation was prepared according to the 
method introduced by Widholm (14). A markedly hemolysing E. coli 
strain, belonging to the 0 54 group was employed for the preparation of 
the toxin. It was inoculated into 1% peptone water substrate containing 
0.5% glucose. After incubation for 4 hours at + 37°C the liquid was 
centrifuged at + 0°C in a high speed centrifuge at 15,000 revolutions for 
15 minutes. The clear supernatant fluid was stored in 5 ml test tubes and 
deep-frozen immediately at — 23° C. The potency of the hemolysing toxin 
was measured by the minimum hemolytic dose (MHD), which means the 
smallest amount of toxin which, when diluted with physiological saline 
solution to a volume of 1.0 ml., will give complete or over 50% hemolysis 
in 0.5 ml. of a 2% sheep red cell suspension. The hemolytic power of the 
toxin used for the immunisation injections was, expressed in terms of 
MHD, 0.064—0.032. 

The antitoxin determinations of the serum to be examined were made 
with inactivated serum which was diluted 1: 25, 1:50, 1: 100, 1: 200... 
1: 1600 in 1.0 ml. of physiological saline solution to a potency of 10 x MHD, 
and 0.5 ml. of this dilution was added to each tube. The tubes containing 
the serum-toxin mixture were shaken and placed in a water bath at + 37°C 
for 15 minutes for fixation. To each tube was then added 0.5 ml. of a 2% 
suspension of sheep red cells washed three times in physiological saline 
solution. After thorough shaking, the tubes were incubated in the water 
bath at + 37°C for 45 minutes. When some sedimentation of the blood 
cells had taken place at room temperature, readings were taken 1 hour 
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after removal of the tubes from the water bath by noting the tube pre- 
ceding the first tube with partial (over c. 50%) or complete hemolysis 
(for example, 1: 200). 

Rabbit immunisations had previously been performed, by administering 
toxin 3 times a week intravenously, using a hemolysing colitoxin prepared 
according to the method reported above (14). The initial dose was 0.3 ml., 
raised up to 5.0 ml. Blood controls made at 10-day intervals showed that 
the anticoli-toxin or anticoli hemolysin titre of rabbit reached its peak in 
50 days. The highest titre was 1: 1200. After 20—30 days’ immunisation 
distinct antihemolysin formation was demonstrable in all the test animals. | 
After finished immunisation the anticolihemolysin titre fell to zero within 
3—4 weeks. 

It was possible to demonstrate in cross-tests, using homologous and 
heterologous antihemolysin obtained after immunisation with toxins of 
different coli strains, that the colitoxins behaved as a normal antigen. 

Before starting the immunisation, control blood samples were taken 
from the guinea pigs by heart puncture; the sera were stored inactivated 
and deep-frozen. The colitoxin used was stored deep-frozen and a new 
tube was defrosted every immunisation day. A new toxin was prepared 
at 10-day intervals. To observe the development of anticolihemolysin in 
the guinea pigs the authors compared the titres obtained with the original 
control sera stored in frozen condition. 


Ten guinea pigs weighing 470—-610 g, average weight 545 g, were 
used in the investigation. Immunisation was performed by giving 
each guinea pig 0.2 ml of colitoxin intraperitoneally 3 times at 
3-day intervals, after which the process was continued by injecting 
0.3 ml of toxin twice a week. Immunisation was continued for 
3 months, after which blood samples were taken by heart puncture 
for the determination of the anticoli titre. Each guinea pig given 
colitoxin then received 100,000 units of sodium penicillin in water, 
in a single dose. The same amount of penicillin was given at the 
same time to 10 control guinea pigs (460—660 g) living in the same 
condition. From them, too, a blood sample was first taken by heart 
puncture for the determination of the anticoli titre. 


RESULTS 


The immunised guinea pigs were found to tolerate colitoxin 
fairly well, remain lively and reveal no disturbances in weight gain. 
The anticoli titre (Table 1) rose a little 3 months after immunisation. 
After the single dose of penicillin the condition of the animals 
began immediately to deteriorate, and the guinea pigs of the control 
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TABLE 1 
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THE FORMATION OF ANTICOLITOXIN IN GUINEA PIGS (A) WHEN IMMUNISING 
GUINEA PIGS WITH COLITOXIN AND (B) AS THE RESULT OF INJECTING PENICILLIN 





























Anticoli Titre Anticoli 
: Titre i 
Before 3 Months ser a 2 Months 
Immunisa- | after Immuni- after 
tion sation Penicillin | 
i 
1 50 50 survived 100 q 
2 <25 50 Survived 50 f 
3 25 50 Ex. 16 days H | 
4 25 100 Ex. 10 days i 
5 <25 25 Survived 50 1 
6 <25 50 Survived 50 Hi 
7 25 25 Ex. 14 days 
8 25 25 _| Ex. 41 days | 
9 25 100 Ex. 19 days i 
9 25 100 Ex. 19 days it 
10 25 50 Survived <25 H 
/ Control Before Wl 
Group Penicillin i 
11 aS <25 Ex. 34 days f 
12 iis 50 Ex. 22 days H 
13 _ <25 Survived 25 i 
14 mi 25 Survived 25 i 
15 nine 25 Survived 25 
16 — 25 Survived <25 | 
17 — <25 Survived 50 ‘th 
18 ns <25 Ex. 48 days i 
19 ~ 25 Ex. 27 days ql 
20 ak 25 Survived 25 q 























group reacted similarly. In the immunised group 5 guinea pigs out 
of 10 died, in the control group 4 out of 10. It can be seen from 
Table 1 that the guinea pigs with the highest post-immunisation | 
anticoli titres were no better able to tolerate the penicillin than ' 
those with a lower anticoli titre. It can likewise be seen that the i 
anticoli titre did not rise in the surviving guinea pigs of the control i 


group. 
Fig. 1 gives the weight curves of the immunised and control H | 


animals. Both groups are distributed into survivals and dead. The i 
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The influence of a single dose of penicillin on the weight of guinea pigs. 
immunised with colitoxin, survived after penicillin 
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curves show the changes in the average weight of each group. The 
weights of the immunised guinea pigs rose evenly during immuni- 
sation, than fell sharply after the penicillin injection. In the control 
group, the weight decrease after the penicillin injection was as 
sharp as in the other group. In the surviving guinea pigs the weight 
increase was gradual once the toxic symptoms had disappeared. 
The return of the lost weight took c. 5 months. 


DISCUSSION 


We found that colitoxin was incapable of producing any symp- 
toms in the guinea pigs like the sharp weight drop observed after a 
single intraperitoneal dose, 100,000 units, of sodium penicillin in 
water. This does not support the theory that penicillin causes an 
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overgrowth of coliform bacilli which kill the guinea pig with their 
toxins. This inevitably invites the comment that the colitoxin 
mentioned did not contain any of the toxins produced by coliform 
bacilli in vivo, and that these may in any case be easily destroyed 
in vitro. 

It was extraordinary to find that the guinea pigs reacted poorly 
to the colitoxin administered. In other words they were unable to 
form antibodies on the same scale as ¢.g. rabbits do (14). 


SUMMARY 


An assumption introduced in the literature is that the penicillin 
toxicity of guinea pigs is caused by the overgrowth of coliform 
bacilli, followed by the formation of colitoxins which kill the guinea 
pig. To study this thesis, the following tests were carried out. 

A hemolytic colitoxin was injected into guinea pigs intraperitone- 
ally for 3 months. They stood it well, showing a weight increase 
throughout. A single intraperitoneal dose of 100,000 units of sodium 


penicillin in water, on the other hand, produced a sharp weight ” 


decrease and 50 per cent of these animals died. 4 out of ten of the 
guinea pigs of the control group which were given no colitoxin died 
after a similar penicillin injection. It took c. 5 months for the 
survivors in both groups to regain the weight lost. 

The experiments do not confirm the hypothesis that the toxicity 
of penicillin for guinea pigs is due to colitoxins produced by over- 
growth of coliform bacilli. 
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Protein metabolism is intimately related to tissue growth, non- 
malignant or malignant. Perhaps a change in the protein metab- 
olism, when abnormal tissue growth occurs, might be reflected in 
the free and total amino-acid pattern of this tissue. Earlier investi- 
gations dealing with changes in the amino-acid composition in 
malignant tissue have been reviewed by Toennis (7). 

A number of investigations have been made earlier in which the 
free and total amino-acid composition was determined in different 
tissues, nonmalignant and malignant, of the mouse and rat. It was 
found that the amino-acid pattern was specific for each kind of 
normal tissue, while the composition of amino acids in all of the 
tumors, regardless of their source, was very similar. In solid and 
free ascites cell tumors of animals relatively large amounts of free 
taurine, alanine, glycine and glutamic acid and smaller amounts 
of a number of other ninhydrinpositive constituents were found by 
Roberts and Frankel (5, 6); Roberts and Borges (4). A characteristic 
feature of the free amino-acid pattern of these animal tumors has 
been that the level of glutamine has been too low to be detected 
by the chromatographic method. When regression of the tumor 


*) This investigation was supported by a grant from the »Sigrid Jusélius 
Stiftelse», Helsinki. 
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occurred, glutamine appeared among the free amino acids. Free 
glutamine was found to be a normal constituent in all normal 
tissue examined Roberts and Borges (4). 

Purkayastha and Roy (3) studied free and total amino-acid 
composition in normal, fibroid and malignant human uterine tissue. 
They did not find any change in the amino-acid pattern suggesting 
malignancy. However, under malignant condition the concentration 
of alanine, aspartic acid and glutamic acid was found to be lower 
in respect to total but higher in respect to free amino acids. These 
writers were not able to detect free glutamine in the cases examined. 
Emmerich and Gétze (2) studied the occurrence of free amino acids 
in cancer of the stomach and the mammary gland and found free 
alanine, glutamic acid, serine, glycine, aspartic acid, taurine, lysine, 
histidine and cystine. 


The present report is concerned with qualitative studies of free 
amino acids of a number of histologically well defined non-malignant 
and malignant human uterine and ovarian tissue. The aim with 
this investigation was a possible detection of free amino acids which 
might be specific for each tissue examined. A specificity in this 
respect could possibly be of value for histochemical identification of 
amino acids in tissue slices. 

Qualitative determination of free amino acids was performed in 


5 samples of normal myometrium 

21 fibromyomas 

3 normal endometriums 

4 hyperplastic endometriums 

6 adenomatous carcinomas of the endometrium 
3 squamous cell carcinomas of the cervix uteri 
12 ovarian tumors 


EXPERIMENTAL 


About 40 mg. of fresh tissue was ground with sand in 70% 
ethanol. After 24 hours the supernatant was centrifuged and the 
clear supernatant used for spotting. The method followed was two- 
dimensional chromatography, described by Consden et al. (1), using 
phenol-water and butanol-acetic acid-water as solvents. After the 
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runs the filterpaper was dried in air and sprayed with 0.5% nin- 
hydrin in watersaturated butanol. After 30 minutes in an air-oven 
(75°C) the ninhydrin positive amino acids gave coloured spots 
which were identified by their positions on the paper. — The occur- 
rence of glutathione on the papergram was secured through hydro- 
lysis and subsequent run on the paper. 

Aspartic acid, glutamic acid, glycine and alanine seemed to 
occur regularly in relatively high concentration in all the tissue 
samples examined, nonmalignant or malignant. 

Valine, leucine and arginine were found in a number of the 
samples of both myometrial, endometrial and ovarian origin. 

Detectable amounts of glutamine were found in normal pre- 
menopausal myometrium, in a number of fibromyomas of ordinary 
structure, in the wall of two pseudomucinous ovarian cystadenomas 
and in the wall and in the fluid of an ovarian papillomatous serous 
cystadenoma. 

Tyrosine, glutathione and #-alanine occurred irregularly in the 
samples of myometrial and ovarian origin. 

Serine occurred twice in the samples. They were both of endo- 
metrial origin: a hyperplastic endometrium and a squamous cell 
carcinoma of the cervix uteri. 

Lysine was detected only in two malignant ovarian tumors, in 
a granulosa cell tumor and in a carcinomatous serous papillomatous 


cystadenoma. 
Histidine was identified only once, in a granulosa cell tumor of 


the ovary. 

Regarding the occurrence of free amino acids in the samples of 
myometrial origin there was no specificity in the free amino acid 
pattern regardless of histological structure or degree of necrosis. Of 
interest, however, was to notice the absence of detectable amounts 
of free amino acids in a sample of a fibroid taken from a pregnant 
uterus. 

The pattern of free amino acids was relatively poor in the tissue 
samples from the endometrium. The edematous hyperplastic endo- 
metrium contained surprisingly few free amino acids. The com- 
position of the amino acids in the adenocarcinomatous endometrium 
was not specific in any way. As a specificity for endometrial tissue 
could perhaps be regarded the absence of glutamine from all endo- 
metrial tissue and the presence of serine in two of these samples. 
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The ovarian tumors seemed to be rich in free amino acids which 
possibly could be related to the polyvalency of human ovarian 

















tissue. As possible specificities could perhaps be regarded the occur- “ 
rence of histidine and lysine in a malignant granulosa cell tumor and 
of lysine in a malignant serous cystadenoma. These amino acids — 
were not detected in any other samples examined. ribron 
struc 
THE OCCURRENCE OF FREE AMINO ACIDS IN OVARIAN TUMORS 
(40 MG. OF FRESH TISSUE) 
—== | Fibron 
Histological Number Sample Kind of Amino Acid and Frequency || pant 
Diagnosis of Cases Taken from of its Occurrence in (0) 
Necrot 
Pseudomucinous_ cyst- 4 the wall of the cystsjaspartic acid (4) glutamic acid (4) gly.) necr 
adenoma, non-malignant cine (4) alanine (4) glutamine (2) Necrot 
the pseudomucinousjaspartic acid (4) glutamic acid (4) gly-| necr 
fluid cine (4) alanine (4) proline (2) valine (1) 
arginine (1) lysine (1) Fibron 
Serous papillomatous 2 the papillom. walljaspartic acid (2) glutamic acid (2) gly-| m. ! 
cystadenoma, non- of the cysts cine (2) alanine (2) glutamine (1) 
malignant yome 


the serous fluid aspartic acid (2) glutamic acid (2) gly-] pren 
cine (2) alanine (2) valine (2) glutamine 























(1) leucine (1) tyrosine (1) Myome 
Adenofibroma_ ovarii i the tumor tissue aspartic acid (1) glutamic acid (1) gly-] age 
cine (1) alanine (1) 
Granulosa cell tumor, 2 the tumor tissue aspartic acid (2) glutamic acid (2) gly- 
malignant cine (2) alanine (2) tyrosine (1) ~T 
(2) leucine (2) arginine (1) histidine (1 
lysine (1), two unindentified, gluta} 
thione (1) I 
Serous carcinomatous 1 the tumor tissue glutamic acid (1) glycine (1) alanine (1) 
papillomatous cyst- B-alanine (1) lysine (1) valine (1)|}—— 
adenoma leucine (1), one unidentified Atroph 
Carcinoma adeno- 1 the tumor tissue aspartic acid (1) glutamic acid (1) gly-/ 59 y 
papilliferum cine (1) alanine (1) valine (1) leucine (1) Prolife: 
: two unidentified —e 
Tumor ovarii Kruken- 1 the tumor tissue aspartic acid (1) glutamic acid (1) BVI Hyper, 
berg cine (1) alanine (1) ‘ide 
Adenox 
ris u 
(Squam 
nom 
uteri 
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f THE OCCURRENCE OF FREE AMINO ACIDS IN UTERINE FIBROIDS, IN NORMAL AND 
IN ATROPHIC MYOMETRIUM (40 MG. OF FRESH TISSUE) 

























































Histological Number Sample Kind of Amino Acid and Frequency 
Diagnosis of Cases Taken from of its Occurrence in (0) 
Fibromyoma of ordinary 16 intramural|fibroids jaspartic acid (15) glutamic acid (16) 
structure subserous glycine (15) alanine (15) glutamine (5) 
submucous valine (3) leucine (3) glutathione (3) 
B-alanine (1) 
—==|Fibromyoma of domi- 2  |hyalinized fibroids |jaspartic acid (2) glutamic acid (2) gly- 
cy nantly hyaline type cine (2) alanine (2) valine (1) leucine (1) 
B-alanine (1), two unidentified 
“—“fNecrotic fibroid, old 1 old necrotized aspartic acid (1) glutamic acid (1) gly- 
gly. necrosis : fibroid cine (1) alanine (1) 

Necrotic fibroid, fresh 1 carneous necrosis |aspartic acid (1) glutamic acid (1) gly- 
gly-|| necrosis cine (1) alanine (1) valine (1) leucine (1) 
e (1) tyrosine (1) 

Fibromyoma and grav. 1 subserous fibroid |no free amino acids detectable (in 80 mg. 
gly-|, m. IV of fresh tissue a trace of aspartic acid 

on the paper) 
yometrium, normal 4 myometrium aspartic acid (4) glutamic acid (4) gly- 
gly-| premenopausal cine (4) alanine (4) glutamine (3) 
nine valine (2) leucine (2) 

Myometrium, atrophic 1 myometrium aspartic acid (1) glutamic acid (1) gly- 
gly-| age of pat. 59 year cine (1) alanine (trace of) 
gly: 
line THE OCCURRENCE OF FREE AMINO ACIDS IN NORMAL, ATROPHIC, HYPERPLASTIC, 

‘al ADENO- AND SQUAMOUS CELL CARCINOMATOUS ENDOMETRIUM OF THE UTERUS 
(40 MG. OF FRESH TISSUE) 
ita- 
Histological Number Sample Kind of Amino Acid and Frequency 
(1) Diagnosis of Cases Taken from of its Occurrence in (0) 
(i 

‘Atrophic endometrium 1 endometrium aspartic acid (1) glutamic acid (1) gly- 

IY" 59 year cine (1) alanine (1) 
() Proliferative endo- 2 endometrium aspartic acid (2) glutamic acid (2) gly- 
metrium cine (2) alanine (2) 
ly: Hyperplastic cystic 4 endometrium aspartic acid (4) glutamic acid (4) gly- 
| endometrium cine (3) alanine (2) serine (1) 
Adenocarcinoma corpo- 6 carcinomatous endo-laspartic acid (6) glutamic acid (6) gly- 
ris uteri metrium cine (6) alanine (6) arginine (1) valine 
(3) leucine (1) 
Squamous cell carci- 3 carcinomatous endo-|jaspartic acid (3) glutamic acid (3) gly- 
noma of the cervix cervix cine (3) alanine (3) arginine (1) serine 
uteri (1) two unindentified (1) 
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SUMMARY 


The free amino acid pattern in non-malignant and malignant 
tissue of myometrial, endometrial and ovarian origin was investi- 
gated with the paperchromatographic method.. 

Aspartic acid, glutamic acid, glycine and alanine were regularly 
found in all specimens examined. 

A number of other free amino acids were identified. 

Possible specific occurrences of free amino acids in certain 
tumors were pointed out. 
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Uusi vegetatiivista hermostoa rauhoittava valmiste 


MILTERGAL tabl. 


Meprobamat. 

Dihydroergocristin. isethion. obee 

Butylscopol. bromid. 0,005 
Sacch. obd. 


INDIKAATIOT: Vegetatiivisen dystonian ja neuroosin eri muodot. 


ANNOSTUS: 1—2 tabl. 2—3 kertaa piivassa. 


Vuodesta 1948 alkaen Medica on valmistanut vegetatiivisen hermos- 
ton rauhoittamiseen tarkoitettuja Ergatral tabletteja. Sama periaate, 
yhdistéé samaan valmisteeseen sympaattisen hermoston toimintoja 
rauhoittava sekalealkaloidi, parasympaattisen hermoston toimintoja 
rauhoittava atropiiniryhman alkaloidi seka keskushermoston toimin- 
toja ja vegetatiivisia keskuksia rauhoittava |aakeaine, on edelleenkin 
yleisesti hyvaksytty. Laakeaineiden alalla viime vuosina tapahtunut 
voimakas kehitys on tuonut aikaisemmin k&ytaénndssé olleiden ainei- 
den tilalle monessa suhteessa sopivampia laakeaineita. Niinpa 
dihydroergokristiinin sympatikolyyttinen vaikutus on useita kertoja 
voimakkaampi, mutta sen myrkyllisyys huomattavasti pienempi kuin 
ergotamiinin ja se ei ergotamiinin tavoin supista kohdun eika veri- 
suonien sileata lihaksistoa. 

feeristé verisuonistoa, puuttuvat siis ne vaikutukset, ie ergotamiinia 
kadytettéessé voivat aiheuttaa komplikaatioita. 

Butylskopolamiinilla on atropiininkaltaiset vaikutukset parasympaatti- 
seen hermostoon. Naité tehostavat sen autonomisia ganglioita salpaa- 
vat vaikutukset. Sen etuna atropiiniin verrattuna on, etta sen vaiku- 
tukset syljeneritykseen ja sydémen lydntitiheyteen ovat huomattavasti 
heikommat. Butylskopolamiinilla ei ole sanottavia vaikutuksia keskus- 
hermostoon ja sen myrkyllisyys on atropiiniin ja skopolamiiniin ver- 
rattuna pieni. 

Meprobamaatti laukaisee psyykkisié ja fyysisiad jannitystiloja ja vai- 
kuttaa rauhoittavasti silti aiheuttamatta vasymystaé, mink&é vuoksi sita 
on suuressa mitassa ruvettu kayttémaéan sedatiivina (ataraktina) var- 
sinkin barbituraattien asemasta. Sen toksisuus on n. 5 kertaa pienempi 
kuin fenemaalin. Eraissé tapauksissa sen on todettu aiheuttavan aller- 
gisia ihoreaktioita. 

Miltergal on kokoomuksensa perusteella erittéin sopiva laake hoidet- 
taessa ambulatorisesti sellaisia sairauksia, joiden syyna on tai joihin 
liittyy autonomisen hermoston dysfunktio. 
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Rescinnamin 0,25 mg 


Reskinnamiini on uusin puhtaana eristetty rauwolfia- 
alkaloidi. Silla on samanlainen verenpainetta alentava 
vaikutus kuin reserpiinilla, mutta sivuvaikutukset ovat 


vahaisemmat. 


Potilaat, joille reserpiini tavallisinakin annoksina aiheut- 
taa vasymysta, heikkouden tunnetta, tuskatiloja tai brady- 
kardiaa, sietavat hyvin reskinnamiinia alle 2 mg/vrk suu- 


ruisina annoksina. 


INDIKAATIOT 


Hypertonian eri muodot. 


ANNOSTUS 


Annostus on yksildllinen. Aluksi suositellaan | tabletti 
2 kertaa paivassa parin viikon ajan ja jatkohoitoon | tab- 
letti kerran \paivassa. Jotta valtyttaisiin mahdolliselta 


mahaerityksen liséantymiselta, olisi tabletti otettava ate- 


rioiden jalkeen. 














> 
| 

















FROM THE DEPARTMENT OF PATHOLOGY, SECTION II, UNIVERSITY OF HELSINKI 


EFFECTS OF FOLIC ACID ON CELL DIVISION: 


STUDIES IN NORMAL AND REGENERATING ORGANS AND IN YOSHIDA 
SARCOMA IN RATS } ! 


by 
M. HARKONEN and A. KIVIRANTA 


(Received for publication February 20, 1958) 


The effect of the folic acid group on neoplastic growth had already 
been studied before the structure of these substances was definitely 
established. In several tests a distinct inhibition of tumor develop- 
ment was observed (11, 12), but later, these inhibitors proved to 
be analogues of folic acid (20). With the isolated »liver L. casei 
factor» an increased growth of primary tumors and metastases in 
spontaneous mammary carcinoma in mice were then induced (13); 
this »liver L. casei factor» turned out to be folic acid (PGA) (27). 
It was noted, further, that the total folic acid content is gener- 
ally higher in leukemic and tumor cells than in the corresponding 
normal tissues (18, 22, 23, 28). Skipper observed that excessive 
doses of folic acid speed up the leukemic process in mice and that 
a deficiency of folic acid depresses the mitosis of leukemic cells in 
particular (17). 

Since the growth-promoting effect of folic acid may conceiv- 
ably be due to the fact that it is involved in nucleic acid synthesis, 
which is intensified prior to cell division and tissue growth, we 
decided to study whether folic acid in doses exceeding the normal 
daily requirement affects the mitotic activity and growth of tissues 
in different stages of growth. For these studies we used normal 
tissues with different growth patterns, rapidly regenerating liver 
tissue, and Yoshida sarcoma. 


1 Financial support for this investigation has been received from the 
Damon Runyon Memorial Fund (DRG — 291 — B—C.) 
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MATERIAL AND METHODS 


It is difficult to induce folic acid deficiency in the rat merely 
by feeding a diet containing no folic acid, sulfa preparations 
or their equivalent are required in addition to prevent the 
synthesis of this vitamin by intestinal bacteria. Under these condi- 
tions the rat’s daily requirement of folic acid has been calculated 
to be 35—60 y (21). Crystalline PGA (Merck) was employed. Folic 
acid solution was prepared by neutralizing the acid with 0.56% 
NaOH solution to the sodium salt and diluting it with normal 
saline (pH 8), so that the amount of folic acid required at any given 
time was contained in 0.5 cc of the solution. The controls were 
given 0.5 cc of saline. 

One hundred and one albino rats of the Wistar strain were 
used for the experiments; 70 were about 6 weeks old, and 31 about 
5 months old. All the rats received exactly the same diet (a mixture 
of oatmeal, rye flour, oat bran and wheat bran 22.25% of each, 
casein 4.45%, calcium lactate 1.0% yeast 2.2%, salt 0.75%, butter 
2.2%, cod liver oil 0.4%) and otherwise the same treatment, and 
were killed by decapitation. 

After decapitation pieces from the skin of the interscapular 
region, the liver and tumor, the outer orbital glands, and the 
thymus were removed and fixed in Bouin’s solution. The 
specimens were dehydrated, embedded in paraffin, sectioned at 
4 y and stained with hemalum-eosin. In the epidermis the mitotic 
rate was determined in the first experiment by counting the num- 
ber of mitoses per 2,000 cells; the epithelium around the hair follicles 
and glands was not considered. In the second experiment the num- 
ber of mitoses in 10,000 cells was counted per unit of length; the 
number of cells was counted from every tenth unit of length, 
magnification x 640. The mitoses in the parenchymal organs 
were counted in fields of vision per 20,000 cells; the cells in every 
twentieth field were counted. From the thymus the cellular 
density was determined separately from the medulla and the 
cortex in each section, magnification x 1,300. 

Student’s t-test was used for statistical analysis of the results. 
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RESULTS 


Normal Tissue. — A preliminary test was first made to deter- 
mine wether there was an optimal time of exposure to folic acid. 
Thirty rats, 6 weeks of age and weighing on an average 70 g, were 
used. The rats were divided into groups of 3, according to the dura- 
tion of exposure (6 hours, 12 hours, 24 hours, 3 days, 7 days). 
Folic acid was injected intraperitoneally as a dose of 2 mg (= 500 
times the minimum daily requirement). The results are seen in 
table 1: a significant increase was found at 24 hours in the epider- 
mis, P<0.01, and as compared with all control animals P<0.001. 


TABLE 1 


MITOTIC INDICES IN EPIDERMIS (%0), LIVER (%00) AND OUTER ORBITAL GLAND 
(%00) AFTER INTRAPERITONEAL INJECTIONS OF FOLIC ACID 














Time of Epidermis Liver Orbital Gland 
Influence Cont. Fol.a. Cont. Fol.a. Cont. Fol.a 
1 2.5 0 1 3 0 
1:5 $5 0.5 0.5 0.5 0.5 
6 hours 1 1 1.5 1.5 0.5 1 
a | 2 | SB = 860741 > + + beGRes 
1 3.5 0.5 0.5 0 1 
12 hours 1 9.5 0 1.5 0.5 0.5 
2 oo ee we Mera ae 4 “7a 0.5 
2 4 1 0.5 35 1 
24 hours 1:5 4 0 4.5 0 
weer oe Os ae is | ot ere es 
1 2 15 1 15 0.5 
3 days 4 1 0.5 3 4 3.5 
ie re eee were aks er ae le ee 2s ee 
2:5 1 ib 1.5 3 1 
7 days 1.5 1 0.5 1.5 0 0 





























The test was repeated with varying dosage, the exposure time 
being 24 hours. The principal object was to study the mitotic 
rate in the epidermis, but to obtain corroboration for the results 
described above, biopsy specimens were also taken from the liver, 
outer orbital gland, and thymus of the first six animals in each 
group. Forty male rats approximately six weeks old and averaging 
55 g in weight were subdivided into four groups of ten animals each. 
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TABLE 2 


THE EFFECT OF FOLIC ACID IN DIFFERENT DOSES ON THE MITOTIC RATIO IN THE 
EPIDERMIS, LIVER, OUTER ORBITAL GLAND AND THYMUS 

















Folic Acid 
Controls 
0.1 mg 0.4 mg 1.5 mg 
Tissue 
m/10000 oor m/10000 oon m/10000 aii m/10000 aan 
12 14 12 4 
3 14 5 11 
9 26 25 19 
32 11 9 6 
ae 27 13.2| 13 14.5] 9 17.3] 5 11.8 
Epidermis 7 |+32) 10 |425} 11 %|4+ 32) 14 |4 20 
20 9 10 14 
8 14 16 20 
11 6 30 6 
3 30 40 19 
“s 1.1 0.0 ~ | 30 . eS ie 
0.9 4.0 1.7 1.8 
1.5 1.43] 2.3 1.87} 2.3 1.93] 2.4 1.90 
Liver 2.9 |+40.31] 2.0 | 40.54] 06 | 40.66] 3.5 | 40.46 
1.3 1.7 0.0 1.8 
0.9 1.2 4.0 0.0 
(3 at a 1.2 09 |. Pe: sey Te hie 
3.3 1.6 1.0 0.5 
1.41 1.17] 0.5 1.22] 0.9 2.02) 1.5 1.45 
Orbital gland) 99 | 40.46, 1.6 |+40.23} 5.3 | 40.83] 0.4 | 40.78 
0.0 1.5 0.4 
0.5 1.5 1.4 4.6 
28 24 32 24 a 
35 29 26 33 
23 28.3| 37 29.0| 29 | 26.7] 28 28.2 
Thymus 23 6/482] 35 |4s86] 30 |478] 29 | +82 
33 24 19 22 
28 25 24 33 



































Folic acid was injected intraperitoneally in doses of 0.1 mg, 0.4 mg, 
and 1.5 mg (about 30 times, 150 times, and 500 times the minimum 
daily requirement respectively). The results appear in table 2, 
which shows no significant differences whatever between the 
averages. Where the interscapular specimens showed high values, 
these were compared with the gluteal specimens from the same 
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animals, and in all cases the results were found to be of the same 
order of magnitude. Possible variations in the stage of the hair 
growth cycle, which might explain the great variations in the 
epidermal mitoses, were not taken into account in this study. This 
possibility is now being investigated. 

The results obtained in these tests show that folic acid in doses 
exceeding the normal daily requirement does not promote the mit- 
otic activity in the normal tissues studied. 

Regenerating Tissue. — The experiment was carried out on 
rats partially hepatectomized by the method of Higgins & Ander- 
son (8). Cater, Holmes and Mee have found that DNA synthesis 
begins 12—25 hours after hepatectomy and reaches a maximum 
24 hours after it; at this time the mitotic rate begins to rise and 
is highest 27—-28 hours after operation; the RNA concentration 
is doubled within a few hours of hepatectomy (2). Nine experimen- 
tal and six control rats were used; they were 4—5 months old and 
their average weight was 250 g. The total dose was 1.5 mg, divided 
into four doses in such a way that the first injection was given 
12 hours before the operation, the second immediately after the 
operation, and the next two at 6-hours intervals, all subcutaneously. 
The animals were decapitated after 27.5 hours and biopsy specimens 
removed from both posterior lobes of the liver. The mitoses were 
counted from the lateral dorsal lobe per 10,000 cells under an oil 


TABLE 3 


THE EFFECT OF FOLIC ACID ON THE 
MITOTIC. RATIO (MITOSES PER 5000 
CELLS) IN REGENERATING LIVER 














Cont. Fol.a. 

86 87 

(15) 67 

55 72 

42 119 

76 78 

23 (4) 

92 

113 

98 
Mean + SE Mean + SE 
56.4 + 11.4 93.3 + 8.1 
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imersion lens, magnification x 800, from every tenth field of 
vision the cellular density was determined by counting. 

In this experiment folic acid produced a slight stimulation of 
mitotic activity in the regenerating liver; statistically P= 0.03. 
The results are given in table 3; the values in parentheses were 
disregarded in calculating the averages because there were large 
necroses in the liver. 

Yoshida Sarcoma. — Eight experimental and eight control 
rats were used; the weights and ages were the same as in the pre- 
ceding experiment. Yoshida sarcoma was ground with sterile pre- 
cautions, mixed with normal saline, and 100.000 IU of penicillin 
were added. A dose of 0.5 cc of the resulting homogenate was 
injected deep into the subcutaneous tissue of the back of each 
rat. Folic acid was given as a subcutaneous injection of 1.5 mg 
(= about 100 times the minimum daily requirement). On the fifth 
day after transplantation, measurements of the size of the tumors 
were started: their length, breadth and height were measured and 
the product of these measurements is here recorded as the tumor 
volume; the increase in volume is expressed as a percentage of the 
initial volume. On the tenth day the rats were decapitated and 
biopsy specimens were taken from the tumors. Some tumors were 
found to show infiltrative growth, which had rendered measure- 
ment of their height unreliable. From the specimens, the mitoses 
were counted in 2,000 cells falling between the two parallel lines in 


TABLE 4 
THE EFFECT OF FOLIC ACID ON THE 
MITOTIC RATIO (MITOSES PER 1000 
CELLS) IN YOSHIDA SARCOMA 




















Cont. Fol.a. 
7.5 6.5 
12 ; 10.5 
16.5 11 
12.5 14.5 
10.5 8 
8.5 12.5 
14 10 
17 13 
Mean + SE Mean + SE 
12.3 + 1.23 10.8 + 0.94 
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the microscope ocular. We were unable to detect any differences in 
tumor growth between the experimental and control groups. The 
mitotic indices are seen in table 4. 

As far as can be judged from the results of this exeriment, folic 
acid does not affect the growth or mitotic activity of Yoshida 


sarcoma. 


DISCUSSION 


Each increase in mitotic activity is preceded by an enhanced 
synthesis of both nucleic acids, notably DNA (1, 2, 3, 26). In this 
phenomenon, folic acid is of great importance for it transfers the 
1—C atom from suitable donors for the synthesis of thymine, purine 
bases, and certain amino acids. Folic acid is not, as such, a carrier 
but is first transformed, chiefly in the liver, into citrovorum factor 
(formyltetrahydrofolic acid) (16). From this, or direct from folic 
acid in the presence of formate, the active co-ferment is obtained 
by means of ATP (5, 6). 

In the present study, an excess of folic acid failed to produce 
any mitotic stimulation in the normal tissues studied. It has also 
been observed previously that no tumor induction has resulted 
from multiple injections of large amounts of folic acid (15). This 
may be accounted for by the fact that, in the normal organism, the 
folic acid content is sufficient for the nucleic acid synthesis required, 
and, morever, that folic acid is only one factor in this synthesis. 
Folic acid deficiency would probably depress mitotic activity and 
also retard growth in normal tissue; at least, disturbances in embryo- 
nic development have appeared in rats in deficiency states induced 
with sulfa preparations (4). 

The growth of Rous chickensarcoma has also been completely 
inhibited with a folic acid deficient diet or folic acid antagonists 
(14, 15) the investigators assumed that in the case of Roussarcoma- 
virus folic acid forms the prosthetic group of an enzyme essential 
for the virus metabolism. Likewise, folic acid seemed to exert no 
effect on the growth or mitotic activity of the Yoshida sarcoma 
used. 

A slight stimulation of mitosis was obtained, however, in the 
regenerating livers, and the metaphase: mitosis ratio of the control 
and the experimental rats shows that the increased values were 
not due to any mitotic poison; the ratio was found to be of the same 
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order of magnitude in the two groups. This may be explained by 
the fact that the liver is the largest folic acid reservoir of the orga- 
nism (over 50% of all folic acid), and 90% of it normally occurs in 
the form of citrovorum factor conjugate, with the doses used in 
the present study only the amount of citrovorum factor in the liver 
was increased according to Guggenheim ef al. (7). At hepatectomy 
60—70% of the liver tissue, and therefore also the greater part 
of the citrovorum factor, was removed; the folic acid injected into 
the experimental rats passes into the liver, is there transformed into 
citrovorum factor and presumably utilized in nucleic acid synthesis, 
thus stimulating mitosis; the control animals seem to suffer from 
some kind of deficiency. 

Using folic acid and citrovorum factor, some authors have 
observed a slight inhibition of growth in the chick embryo and in 
a tumor inoculated in it; the latter even acted in synergy with 
aminopterin (24). The growth-inhibiting effect of high pharmaco- 
logic doses of folic acid on neoplasms has also been studied; in 
vitro sarcoma T 241 showed evidence of damage, but no effect was 
observed in vivo (19). In these instances it may be assumed that 
large pharmacologic doses have a directly damaging effect on these 
tissues, especially in vitro. In bacterial cultures, too, serine forma- 
tion may increase so much that growth is inhibited if large amounts 
of folic acid are present. 

Jacobson has studied the effect of citrovorum factor and folic 
acid antagonists on the mitotic division of the cell and explains 
that citrovorum factor is present in all dividing cells in bound- 
form and its function is connected with the processes which allow the 
chromosomes to split at anaphase by shedding RNA-protein into 
the cytoplasm; it is at this point that the antagonists displace the 
citrovorum factor and thus block the mitoses at metaphase (9, 10). 

The importance of folic acid and citrovorum factor in nucleic acid 
synthesis and in stimulation of mitosis cannot be disputed, but on 
the basis of the present study these phenomena seem not be stimu- 
lated with doses of folic acid exceeding the normal daily require- 
ment. Just as it is usually possible to produce decisive changes with 
vitamins only in the case of deficiency of the particular vitamin, 
it may be assumend that administration of folic acid affects growth 
and cell division only when a deficiency of folic acid has been induced 
in some way or other. 


_~——~e 
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SUMMARY 


Rats have been studied to determine the effect of folic acid, 
administered as doses exceeding the normal daily requirement, 
on the mitotic activity of normal tissue, regenerating liver tissue 
and Yoshida sarcoma, and on the growth of the latter. 

1. The mitotic activity in the epidermis, liver, outer orbital 
gland and thymus did not change when rats were injected intra- 
peritoneally with 2.0—1.5 mg, 0.4 mg and 0.1 mg of folic acid, the 
exposure periods being 6, 12 and 24 hours, 3 days and 7 days. The 
rats were 6 weeks old. 

2. In regenerating liver the mitotic activity increased when 
a fractionated subcutaneous dose of 1.5 mg was used; this seems 
to be due to a relative folic acid deficiency developing in the control 
rats after partial hepatectomy. The rats were 4—5 months old. 

3. The growth and mitotic activity of Yoshida sarcoma were 
unaffected by folic acid; the dose was 1.5 mg and the rats were 
4—5 months old. 
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CROSS-REACTIVITY OF THE FACTORS INVOLVED IN 
THE APC AND CRPA TESTS 


by 
O. SALO and M. TUOMIOJA?! 


(Received for publication February 19, 1958) 


The APC test is a new method for C-reactive protein determina- 
tion. The antigen consists of cholesterol, lecithin and Span 60. (1, 2). 
The CRPA test is an antiserum test for the same purpose. In the 
present study we compared the antiserum method for C-reactive 
protein determination and the above mentioned APC method by 
performing the APC test with the serum remaining after precipi- 
tation by the serum method, and vice versa. 

The APC titre of the serum was first determined, after which 
0.2 ml. of CRP antiserum and 0.2 ml. of the serum under examina- 
tion were placed in layers in an erythrocyte sedimentation tube. 
The tube was allowed to stand at room temperature overnight. The 
precipitate was separated and the APC test was repeated with the 
clear serum (Table 1). Serum from a healthy rabbit was used as the 
control (Table 2). 

In the opposite procedure a dose of APC antigen was prepared 
by the VDRL technique and centrifuged for 5 min. at 15,000 r.p.m. 
Serum was added to the separated antigen precipitate and thor- 
oughly mixed by shaking. The precipitate was separated by 
centrifugation as above. This procedure was repeated three times. 
Parallel determinations were then made of the C-reactive protein 
from both the original and the treated sera by the antiserum 


method and the APC method after each absorption (Table 3). 


1 Aided by Grants of the Sigrid Jusélius Foundation. 
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TABLE 1 
APC titre 1:1 1:2 1:4 1:8 1:16 | 1:32 
Original serum ...-----------|bttlF+ttit+t[t+t] t+ | 
After CRPA absorption ...... tee - -- — ~— ve 
TABLE 2 
APC titre 13 1:2 1:4 1:8 1:16. | 1:33 
Original serum .....---------|Ftt[ttt[t+ti]++4+] ++ 1 
maeer Tabpit serum .......2:. +++4+]4+++4+/4++4+-4+] ++ + _- 
TABLE 3 
Tests Original 1st APC 2nd APC 3rd APC 
Serum Absorption | Absorption | Absorption 
CRPA ..-----e-ee +] 4+ 1+ we ae 
a RS Sa eae 1:8 2 — — 























When serum containing C-reactive protein was precipitated with 
APC antigen, no C-reactive protein could be demonstrated in the 
serum even by use of the antiserum method. On the other hand, 
when serum containing C-reactive protein was precipitated with 
antiserum, the remaining serum did not give a positive reaction 
even with APC antigen. 


From a patient in the surgical clinic samples were obtained before 
operation and about 1 day after operation, when the APC value was ele- 
vated. From each sample 3 ml. of serum was treated with APC antigen in 
the above described manner. Electrophoretic analysis was made of these 
as well as of the untreated portion of both samples. The electrophretic 
picture and the calculated values showed only a slight rise in, a and a, 
globulins postoperatively, but absorption was not found to have had 
any effect on them. 
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FROM THE DEPARTMENT OF PHYSIOLOGY, UNIVERSITY OF TURKU 


STUDIES ON EXPERIMENTAL CINCHOPHEN AND 
HISTAMINE ULCERS IN RABBITS 
? g 
- 
M. PULKKINEN and K. HARTIALA? 


(Received for publication March 4, 1958) 


Various animal species possess different disposition in the 
development of cinchophen and histamine ulcers (1). Rabbit appears 
to be quite resistant. Shoji fed 60 rabbits with cinchophen over 
a period ranging from 1 to 700 days and failed to find any ulcers (2). 
By some other means les‘ons have been produced, namely gastric 
lesions with toxic agents (3, 4). On anaphylactic basis with local 
injections of protein acute ulcers have been provoked (5). The 
opinions on the effect of vagotomy are diverge (6, 7). 

In 1945 Wangensteen made the observation that when rabbits 
were put on a liquid diet histamine ulcers could be provoked in 
them (8). He also stated in the same work that intravenous injection 
of 1 ml of fat obtained from human omentum accompanied by 
daily injections of histamine, was followed regularly by ulcer pro- 
duction in the rabbit. 

As to the role of histamine in the process of cinchophen ulcer 
claims have been made that the effect is either a retarding (9) or 
that it is entirely without any effect (10). On the other hand the 
hungarian group of investigators (Hetenyii ef al. 11, 12) have 
made interesting observations on the local secretion of histamine 
under various conditions. They have laid a hypothesis that endo- 
genous histamine, as a tissue poison, plays an essential role as a 
mediator in the pathogenesis of cinchophen ulcer. 


1 This work has been supported by a grant from the Sigrid Juselius Foundation. 
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The purpose of this study was to investigate whether a liquid 
diet really has any effect on the development of cinchophen ulcer 
in rabbit. The original work of Wangensteen was also repeated 
in this studies regards to studies of the effect of simultaneous ad- 


ministration of histamine. 


MATERIAL AND METHODS 


Altogether 39 rabbits weighing 2.0—2.8 kg were used in the 
experiments. These were divided into 5 groups. 

Group 1, including 6 rabbits, were kept on a liquid diet made of 
fresh juice from cabbage, turnips and carrots (appr. rations 
3:3:1). The larger particles were removed from the juice by 
filtration through gauze. The food was introduced through a gastric 
tube if the animal refused to eat it spontaneously. Three of the 
rabbits recieved, also by intragastic force-feeding, daily 100 mg/kg 
cincophen over a period of 14 days. The cincophen was mixed in 
0.5% tragacantha. 

Group 2, included 5 experimental and 5 control rabbits. The 
diet was the same as in the group 1. The cincophen dose was 
raised to 250 mg/kg. The experiment extended from 9 to 18 
days. 

Group 3, 7 rabbits which were also on the same diet as in groups 
1 and 2. Five rabbits were given daily 15 mg histamine (calculated 
as free base) intramusculary in beeswax. The pH of the gastric 
contents was checked with indicator paper. Experiment period 
was 10—14 days. 

Group 4 was made of 6 rabbits, kept on a tomato juice diet. 
This juice was diluted from a commerial product with half volume 
of water and the largest particles removed as above. Four animals 
were given histamine in beeswax as above and the pH of gastric 
contents was also followed. Experiment period 35 days. 

Group 5, included 10 rabbits, the diet as in the group 4. Seven 
rabbits recieved daily 250 mg cincophen/kg and also histamine as 
in the groups 3 and 4. The pH of gastric contents was measured 
with a Beckman pH-meter with glass electrodes Experimental 
period ranged up to 23 days. 

After the experiments were finished and the rabbits died or 
were sacrified the liver, ventricle and duodenum were inspected 
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macroscopically after which specimens for microscopic studies 
were taken. These were made by an experiensed pathologist. 1 For- 
malin fixation and the usual hemotoxylin-eosin staining were 


used. 


RESULTS 


Group 1. — This part was made only as a preliminary trial to 
get acquainted with the experimental procedures. No macroscopic 
changes were noted. 

Group 2. — In the liver of all of the 5 rabbits pale spots of a 
size of a needle point were noted by macroscopic examination. 
The microscopic specimens taken from these regions revealed a 
picture of acute liver atrophy. The peripheral cells in the lobes 
were entirely necrotic. Macroscopically duodenum was unchanged 
but the microscopic picture (Fig. 1) was typical in all cases: the 
Brunners gland cells contained much secrete, which filled the cells 
and the nuclei were flattened towards the basal membrane. The 
glandular lumens also contained so much secrete that they in some 
parts formed real cysts. The ventricles of 2 animals (out of 5) con- 
tained blood and dark hemorrhaghic spots. Microcopically these 
appeared to be erosions,? which extended into the muscularis 
mucosae — layer (Fig. 2). In the bottom of the erosion was a 
thin layer of granulation tissue and in the walls of the erosion the 
surface epithelium had wandered a short distance towards the 
bottom of the erosion. In the surroundings of this area were large 
haemorrhaghies which extended up to the muscularis mucosae- 
layer. The surface epithelium had dissappeared on this area. In 
the otherwise intact fundic mucosa the chief cells were absent, 
the parietal cells were present in the glandular tubuli. In the other 
3 animals which also recieved cinchophen such hemorrhagic erosions 
were not found. None of the control animals in this group showed 
similar pathological changes as described abowe. 

Group 3. — The pH analyses of the gastric contents showed 
that the acidity of those animals which had recieved histamine 


1 The writers are greatly indebted to Dr. O. Keyrildinen, Dept of Pathology, 
University of Turku, for his assistance and valuable service to us in inter- 
preting the microscopic findings 

2 The terminology after Ivy et al in »Peptic Ulcer», p, 17. 


16 — Ann. Med. Exper. Fenn. Vol. 36. Fasc. 3. 
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Fig. 1. — Duodenum of rabbit (group 2) kept on vegetable liquid diet and 
treated with cinchophen with daily doses of 250 mg/kg over a period of 10 days. 
Hematoxylin-eosin, magnification x 100. 





Fig. 2. — Ventricle of rabbit (group 2) kept on liquid vegetable diet and treated 
with cinchophen with daily doses of 250 mg/kg over a period of 14 days. Hema- 
toxylin-eosin, magnification x 25. 
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Fig. 3. — Duodenal ulcer in rabbit (group 5) kept on a liquid vegetable diet 

and treated with cinchophen with daily doses of 250 mg/kg orally and 15 mg 

histamine base intramuscularly in beeswax over a period of 23 days. Hema- 
toxylin-eosin, magnification x 25. 


was lowered from 1.3—1.9 down to 0.9—1.1. The pH of the gastric 
contents in the control animals remained between 1.6—2.0. 

Macroscopically the mucous membrane of those animals which 
had recieved histamine was covered with large amounts of mucous, 
the color of the mucosa was slightly red. No microscopic changes. 

Group 4. — Gastric pH controls as well as macroscopic findings 
of the ventricle and duodenum were similar to those in group 3. 

Microscopic changes were found only in pyloric region: the 
normal glandular epithelium had dissappeared. Only few normal 
pyloric glands were left, between these there was abundantly con- 
nective tissue. The same changes were noted also in those animals 
which had not recieved histamine. 

Group 5. — The gastric pH decreased in the histamine rabbits 
from 1.2—1.8 to 0.8—1.3. 

In one rabbit an ulcer in the stomach was found on the fourth 
day. This lied on the lateral side of the greater curvature half way 
between the cardia and pylorus. Also 4 duodenal ulcers of equal 
size (diameter appr. 2—3 mm) were found in one animal killed 
on the 23’th experimental day (Fig. 3). The microscopic findings 
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were: the Brunners glands contained much secrete, the nuclei were 
pressed against the basis. The ulcer penetrated all layers of the 
duodenal wall. The omentum on this place was adherant to the 
serosa. Around the ulcer is a small margin. Normal villi on the 
duodenal mucosa around the ulcer are lacking and the stroma is 
covered by a single cylinder epithelium layer in which the goblet 
cells are absent. 

No ulcers were found in the other animals in this experimental 
group. In both the control and experimental animals the pylorus 
was found to be hypertrophic and histologically similar atrophic 
gastritis changes were found as in the animals of the previous 


group. 


DISCUSSION 


Attention has been paid to the gastric evacuation factors in 
the connection of the studies of the genesis of peptic ulcer (11). 
The rabbit exhibits a such type of an animal in which the stomach 
is continously filled with rough food mass. However, the repetition 
of the original work by Wangensteen (8) on the production of hista- 
mine ulcer in rabbits kept on liquid diet failed to be successful 
in our trials made on 9 rabbits. It appears thus that this animal 
is resistant to histamine also under conditions where the gastric 
emptying has been enhanced by making its content less solid. The 
intention was also to make the mucous barrier system more readily 
open for the acid-pepsin aggression by cinchophen. This failed to 
produce ulcer regardless of the fact that the animals during the 
abnormal dieting with inadequate calory supply lost much of their 
weight. On the other hand, it has been reported that with soft 
diet which consists of bread, milk, and cooked pureed carrots, 
the chronic ulcer in rabbit has healed more rapidly than with the 
usual rough diet (12). It has also been assumed that fresh vegetable 
juice contains some hypothetical protective substances (vitamin-U). 
The value of such beneficial factors remains still to be shown. It 
is doubtful whether they contribute to the negative results in this 
study either. On the other hand our animals developed a status 
of undernourishment. This is evident from the gastric atrophy 
findings as well as from the fact that the animals lost 25—30% of 
their original weight. Since, however, the control animals in each 
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group were on the some diet as the experimental, the ulcers do not 
arise from this undernourishment. The calorically unbalansed diet 
as such did not produce gastric lesions although it might contribute 
to the ulcer formation in connection to the other factors. 

The liquid diet did not also enhance the production of an actual 
chronic cinchophen ulcer even when larger doses of this ulcerogenic 
substance were used. The hemorrhagic lessions indicate nevertheless, 
that the induction of lesions in the mucosa was easier under these 
conditions. It is another problem whether such erosions lead to 
areal ulcer. Varro (13) did not observe such changes in dogs recieving 
cinchophen. He claims also as Hetenyi (11, 12) that cinchophen 
ulcer is a secondary consequance produced by the liberation of 
histamine. 

Having this in mind it is interesting to note that by giving 
simultaneously cinchophen and histamine 2 rabbits from 7 devel- 
oped instead of hemorrhagic erosions a chronic type of ulcer: on 
the other animal it took place as soon as 4 days from the begin- 
ning of treatment. In dog cinchophen has been claimed to affect 
the histamine metabolism (14). Studies on this effect in rabbit 
might bring some additional light to the problem. 


SUMMARY 


1. No ulcers were provoked with histamine in rabbits even when 
these were kept on a liquid diet. 

2. Under similar conditions cinchophen produced gastric hemor- 
rhagic lesions in 2 of 5 rabbits. 

3. Simultaneous administration of histamine and cinchophen 
provoked in 2 of 7 rabbits one chronic duodenal and one gastric 
ulcer. 

4, It appears that the rabbit is exceptionally resistant to such 
provocative factors which in some other species (man, dog) easily 
lead to a typical chronic peptic ulcer formation. The change of 
gastric contents and emptying conditions with diet fails in this 
respect to have much effect in rabbit. 
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FROM THE SURGICAL CLINIC OF THE UNIVERSITY OF TURKU 


EFFECT OF CHLORPROMAZINE ON THE RAT MESENTE- 
RIUM NORADRENALINE TEST 


by 
L. W. F. LINDEN 


(Received for publication April 16, 1958) 


The use of chlorpromazine in surgery and anesthesia has proved 
to have a stabilizing effect on the circulation. It. is supposed to 
depend on its antiadrenaline effect, which reduces the effect of 
adrenaline in contracting the peripheral blood vessels (1, 2). This 
effect has also been called ’antishock effect’, bacause it partly 
prevents the appearing of circulatory symptoms caused by shock. 
It has been seen that animals, which have received chlorprom- 
azine, can better resist bleeding and and multiple contusions than 
animals of the control series. 

An American research team has developed for studying the 
peripheral circulation a test in which the mesenterium of a rat is 
placed under microscope while infusing Ringer or physiological 
saline solution of 37°C on it to keep up normal conditions. The 
reaction of the terminal vascular bed of the mesenterium to 
adrenaline is brought about by adrenaline solutions of different 
strengths. Normally it is found to be approximately 1:2—4 million. 
By injecting the rat with vasodepression-producing drugs a con- 
centration above normal is needed to bring about the adrenaline 
reaction. The test has been used to study the vasodepression- 
producing effect of different materials (3, 4). Noradrenaline causes 
the same reaction but its concentration must be higher. By means 
of this test here is tried to clarify the effect of chlorpromazine on 
the peripheral circulation of the rat mesenterium. 
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METHODS 


The reaction of the rat’s mesenterium to noradrenaline was 
tested by using the apparatus described below. The water, cir- 
culating in a regular chemical cooling tube, was given a constant 
temperature by a termostat. This fluid moving in the cooler warmed 
the physiological saline solution in the inner tube up to the tem- 
perature needed. Through a thin rubber hose and a needle the thus 
regulated salt solution of 37°C was dropped on the mesenterium 
under the microscope. The rat was anesthesied with nembutal and 
its ileum was drawn out onto a glass dais put under the microscope. 
In the mesenterium arterioles, capillaries, venulas and the blood 
cells moving in them were clearly seen. The enlarging of the mic- 
roscope was 150. On the spot under observation two drops of 
warmed-up noradrenaline solution of different strengths were 
dropped in order to find out the minimal effective, or threshold, 
concentration of noradrenaline. Noradrenaline caused the circu- 
lation to stop in the terminal blood vessels. The stoppage persisted 
from 10 seconds to a few minutes, depending on the concentration. 
The test series were made, after atabilizing the method, with ten 
rats anesthesied with nembutal and ten rats, which in addition were 
given 2 mg of chlorpromazine intramuscularly one hour before 
the test. The rats weighed 300—400 grams. 


RESULTS 


The reaction to noradrenaline of the peripheral vascular bed 
of the mesenterium of rats anesthesied with nembutal ‘was found 
to be as follows: 


—_— 2. 2=-e = 3 @ FF 8 8 
cles gles allen lhl, sills lie: Mili: li. aii. 2 1: 75 000 
a ae eee YE Se OE hl 1: 100 000 
0+ 00+ ++ 0 0 +4 0 1: 125 000 
se we Se ee ee 6OUCO 1: 150 000 


It appears from this table that the reaction threshold averaged 
at about 1 : 100 000 concentration. 
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By rats given chlorpromazine the reaction was as follows: 


ae ee ee a 
ee a ye ae ee ee 1: 1000 
ah AE one ea ae “abe 1: 5000 
+ 0+ + 0 0+ + 0 + 1: 10000 
ee, te eo Ee ee ee 1: 20 000 


It appears that the reaction threshold averaged at about 
1:5 000—10 000. It can be seen that chlorpromazine caused an 
obvious increase in the reaction threshold from 1: 100000 to 
1 : 5 000O—10 000. 


DISCUSSION 


The increase in the reaction threshold caused by chlorpro- 
mazine shows its antiadrenaline effect. It is very possible that 
the antishock effect of chlorpromazine derives from it. The lower- 
ing of the peripheral reactivity delays the appearing of the shock 
symptoms in circulation. When treating the shock, however, it 
is to be observed that if the blood volume has been reduced, the 
peripheral vasoconstriction, which is due to adrenaline and nor- 
adrenaline, tends preserve the circulation of vitally important 
organs. Taking away or reducing this reactivity with chlorprom- 
azine can lead to a severe worsening of the shock through decen- 
tralization of the blood volume. The blood flow to the heart dimin- 
ishes and the output of the heart decreases, which causes weak- 
ening of the peripheral circulation a circulatoric ’circulus vitiosus’ 
results. On the other hand, the antiadrenaline effect can be of good 
use in anesthesia and during the postoperative period in case of 
hypervolemia. This is often caused by operative reaction and 
postoperative fluid and electrolyte therapy. The centralization of 
normal blood volume and hypervolemia caused by sympathico- 
adrenergic reaction to operative trauma, loads the heart during 
the postoperative period and may result in pulmonary edema 
through cardiac insufficiency. 
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SUMMARY 


The reaction threshold of the rat’s mesenterium to noradre- 
naline was tested to be about 1: 100 000 concentration. By giving 
2 mg of chlorpromazine to rats weighing 300—400 grams the 
reactivity decreased strongly to about 1:5 000—10 000. This 
result characterizes the antadrenaline effect of chlorpromazine. 
Its importance to the regulation of circulation has been discussed. 
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AUS DEM WIHURI-FORSCHUNGSINSTITUT ZU HELSINKI UND AUS DER III 
MEDIZINISCHEN KLINIK DER UNIVERSITAT HELSINKI 


UBER DEN EINFLUSS INTRAVENOSER GLUKOSE- 
BELASTUNG AUF DEN KOLLOIDOSMOTISCHEN DRUCK 
DES SERUMS UND AUF DIE SERUMPROTEINE 


by 
LAURI AUTIO, SIMO SALMINEN und ANTTI LOUHIJA 


(Bei der Schriftleitung eingegangen am 12 Marz, 1958) 


Hypertonische Glukoselésungen sind in therapeutischem Sinne 
in Fallen angewandt worden, wo Verdacht auf eine intrazelluldre 
Hydramie bestand, z.B. bei Hirnddem. Man hat angenommen, dass, 
obwohl die in den Kreislauf injizierte Glukose schnell in die Gewebs- 
fliissigkeit diffundiert, ihre Permeation aus der Gewebsfliissigkeit 
in die Zellen langsamer ware, so dass ein osmotischer Unterschied 
zwischen der extra- und der intrazellularen Fliissigkeit entsteht. 
Bei Tierversuchen ist festgestellt worden, dass man mit hyper- 
tonischer Glukose-Tyrode-Lésung einen »osmotischen Tod» an intra- 
zellularem Wassermangel herbeifiihren kann (3). — Die osmotische 
Wirkung ist in jedem Falle von kurzer Dauer, weil die Glukose rasch 
metabolisiert wird. Trotzdem dauert es etwa eine Stunde, bis z.B. 
20 g Glukose aus dem Kreislauf ausgetreten sind, so dass der Blut- 
zucker wieder normalisiert ist, wie beispielsweise aus den Tabellen 
1 und 2 hervorgeht. — Es ist méglich, dass fiir kurze Zeit vielleicht 
ein osmotisch signifikanter Unterschied auch beiderseits von der 
Kapillarwand entsteht, also zwischen Blut und Gewebsfliissigkeit 
im Zusammenhang mit Glukosebelastung. 

Im Wasserwechsel zwischen Blut und Gewebsfliissigkeit 
spielt der kolloidosmotische Druck neben dem Blutdruck eine 
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wichtige Rolle. Seine Regulationsmechanismen sind bis auf weiteres 
unbekannt. Es ist festgestellt worden, dass sich der kolloidosmoti- 
sche Druck sowohl bei den Tieren als auch beim Menschen schwer 
erhéhen lasst (2), und dass der Organismus bestrebt ist, ihn még- 
lichst konstant zu halten. — Man kénnte sich denken, dass ein z.B. 
durch Glukose herbeigefiihrter, voriibergehender Anstieg der 
osmotischen Konzentration den _ kolloidosmotischen Druck des 
Blutes beeinflussen, und zwar zundchst herabsetzen kénnte. Man 
hat beobachtet, dass die Injektion von 25 g Glukose in 55 ccm 
Wasser das Volumen des Blutes bei Messung nach der Evans’ 
Blau-Methode nicht wesentlich verdndert (7). Wenn 25—50 g 
Glukose in 500—1,000 ccm Wasser oder physiologischer Kochsalz- 
lésung als gewohnliche Tropfeninfusion verabreicht werden, kann 
man im kolloidosmotischen Druck eine geringe Abnahmetendenz 
wahrnehmen, die mehrere Stunden lang anhalt und durch den 
blossen Verdiinnungseffekt bedingt sein kann (6). 

In der vorliegenden Untersuchung ist versucht worden, mit 
Hilfe von intravenéser Glukosebelastung das kolloidosmotische 
Gleichgewicht im Blut momentan zu erschiittern, und neben dem 
kolloidosmotischen Druck die Serumproteine und den Blutzucker 
zu untersuchen. Folgende Fragen wurden zu beantworten versucht: 

1. Kénnen nach der Injektion von hypertonischer Glukose- 
lésung Veradnderungen im kolloidosmotischen Druck des Blutes 
festgestellt werden? 

2. Lassen sich gleichzeitig Verdnderungen in den Serum- 
proteinen bei der elektrophoretischen Ejiweissanalyse feststellen? 

3. Auf welche Weise kommt eventuell die Wirkung der Glukose 
selbst bei den angewandten Messungsverfahren des kolloidosmoti- 
schen Drucks zum Ausdruck? 


LAURI AUTIO, SIMO SALMINEN UND ANTTI LOUHIJA 





MATERIAL UND METHODEN 


23 Patientinnen wurden 40 ccm 50%ige Glukoselosung intra- 
vendés injiziert und so eine Glukosebelastung herbeigefiihrt. Vor der 
Glukoseinjektion wurde eine Blutprobe fiir die Zuckerbestimmung, 
die Messung des kolloidosmotischen Drucks und die Proteinana- 
lyse genommen. Die nachste Probe wurde 2 Minuten nach der 
Injektion genommen, und mit der Probeentnahme wurde in 
Abstanden von 15 Minuten und schliesslich 30 und 60 Minuten 
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1—5 Stunden lang fortgefahren. Bei 13 Patientinnen wurde nur 
der Blutzucker und der kolloidosmotische Druck bestimmt. Bei 
10 Patientinnen wurde ausserdem die elektrophoretische Eiweiss- 
analyse von jeder Blutprobe ausgefiihrt. Bei 5 Patientinnen wurde 
ferner noch der Hamatokritwert vor und wadhrend des Versuchs 
bestimmt. — Das Material und die Ergebnisse der Analysen sind 
aus den Tabellen 1 und 2 ersichtlich. 

Die Blutzuckerbestimmungen wurden nach Hagedorn-Jensen 


am Kapillarblut ausgefiihrt. 


Die Proteinanalysen. — Das Gesamteiweiss wurde folgendermassen 
bestimmt: 0.1 ccm Serum wurden in ein Zentrifugierglas mit 2.0 ccm 
physiol. Kochsalzlésung pipettiert. Das Eiweiss wurde mit Phosphowol- 
framsdure (5% Loésung in 2-n HCl) ausgefallt, der Niederschlag wurde 
zentrifugiert (20 Minuten lang, 4000 Umdrehungen/Minute), die klare 
Fiissigkeit dekantiert, und das Sediment im Vakuumexsikkator getrocknet. 
Danach wurde das Sediment in 5 ccm Biuretreagenz, das nach Gornall et al. 
(4) hergestellt war, gelést. Die Messung wurde 30 Minuten spater mit dem 
Spektrophotometer von Beckman mit der Wellenlange 540 my vorgenom- 
men. Die Resultate (g/100 ccm) wurden von einer kontrollierten Stan- 
dardkurve abgelesen. 

Von 60 Parallelbestimmungspaaren wurde der methodische Fehler 
errechnet, fiir welchen sich 0.14 g/100 ccm ergab. — Mit Hilfe von Stan- 
dardlésungen vom menschlichen Albumin und Blutserum, deren Stick- 
stoffgehalt bekannt war wurde feststellt, dass gleichgrosse Mengen Albu- 
min und Serum in den Grenzen des methodischen Fehlers eine gleichg- 
rosse Extinktion ergeben. 

Das Albumin und Globulin wurden mit Hilfe der Papierelektrophorese 
nach Grassmann und Hannig (5) bestimmt. Es wurden 4 cm breite Streifen 
Whatman-Papier Nr. 1 benutzt, und auf die Ausgangslinie wurden 0.01 ccm 
Serum pipettiert. Nach der Elektrophorese wurden die Streifen in Amido- 
schwarz 10 B gefarbt (gesattigte Lésung in 10% essigsaurer Metanollésung). 
Danach wurden sie 3 Stunden lang in 10% essigsaurer Metanollésung ge- 
spilt, wobei die Spiilfliissigkeit dreimal erneuert wurde. Nach dem Trocknen 
wurden die Papierstreifen in Paraffin-a-Bromnaphthalingemisch (Brech- 
ungskoeffizient 1.51) transparent gemacht und mit dem Zeiss’schen Extink- 
tionsschreiber photometriert. Die erhaltenen Kurven wurden einerseit 
fiir das Albumin und andererseits fiir alle Globuline planimetriert. Eine 
Differenzierung der Globuline war u.E. nicht notwendig. Von den Flachen 
wurde der relative Anteil des Albumins und der Globuline berechnet, und 
da die Gesamteiweissmenge bekannt war, konnten die entsprechenden 
absoluten Werte errechnet werden. — Der methodische Fehler des Ver- 
fahrens wurde bestimmt, indem das gleiche Serum 9 mal analysiert wurde. 
Das Resultat war 0.13 g/100 ccm sowohl fiir das Albumin als auch fiir die 
Globuline, wobei der Fehler bei der Bestimmung des Gesamteiweisses nicht 


beriicksichtigt ist. 
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Die Messung des kolloidosmotischen Drucks wurde nach Autio und Sal- 
minen (1) vorgenommen. Hs sind keine absoluten Werte des kolloidosmoti- 
schen Drucks gemessen worden, sondern nur die Proben einer jeden Ver- 
suchsreihe im Vergleich zueinander. Die vor der Glukosebelastung ent- 
nommene Probe wurde in das Osmometer pipettiert. Auf die Aussenseite 
der Membran wurde das gleiche Serum pipettiert, wonach die hydrostati- 
sche Gleichgewichtsstellung eingestellt wurde, was 1 Stunde in Anspruch 
nahm. Danach wurde das Serum auf der Membran durch eine wahrend der 
Zuckerbelastung entnommene Probe ersetzt und die Gleichgewichtsstellung 
erneut aufgesucht, indem der hydrostatische Druck je nach der Situation 
geandert wurde. Seine eventuelle Abweichung vom urspriinglichen O-Strich 
gab den Unterschied im kolloidosmotischen Druck der beiderseits von der 
Membran befindlichen Seren an. Auf diese Weise wurden die Seren von jeder 
Versuchsreihe untersucht. Beriicksichtigt wurde also nur der Umstand, 
wieviel die wahrend der Zuckerbelastung entnommenen Proben von der vor 
dem Versuch entnommenen Probe abwichen. Wenn der kolloidosmotische 
Druck des untersuchten Serums héher war als der urspriingliche, wurde 
er mit + bezeichnet, wenn er wiederum niedriger war, mit —. Fiir die 
Messung éiner jeden Probe wurden etwa 20 Min. gebraucht. Die Minuten- 
zahlen der Membranen lagen zwischen 50 und 120. Die Messgenauigkeit 
war 0.5 cm H,O. 


Sowohl der kolloidosmotische Druck als auch die Proteine wur- 
den »blind» bestimmt, ohne dass es bekannt war, welche Probe die 
Analyse betraf. 

Die osmotische Wirkung der Glukose selbst auf die Messungs- 
resultate. — Es ist offenbar, dass die Glukose momentan den osmo- 
tischen Druck oder die onkotische Saugwirkung in einem derartigen 
Osmometer erhéht, bis sie durch die Membran diffundiert ist, 
und die Konzentration sich ausgeglichen hat. Die Diffusions- 
geschwindigkeit ist teilweise von der Dichte der Membran abhangig. 
Abb. 1 zeigt die Verdnderung des »osmotischen Drucks» in der 
Glukoselésung wahrend der Diffusion der Glukose durch die Mem- 
bran. Wenn die urspriingliche Lésung eine Konzentration von 
1,000 mg% besass, kann, wie man sieht, noch nach 40 Minuten ein 
Druck von 1.5 cm H,O gemessen werden, so dass also der Konzen- 
trationsunterschied sich noch nicht vollig ausgeglichen hat. — Aus 
der Abb. 2 ist der maximale Effekt der Glukoselésung auf den 
»kolloidosmotischen Druck» des Serums ersichtlich. Der kolloidos- 
motische Druck des Serums wurde zuerst gegen eine 0.9% NaCl- 
Lésung gemessen und im Osmometer gelassen. Der Rest des Serums 
wurde in sechs Portionen verteilt, und jeder Portion wurde eine 
bestimmte Quantitat Glukose zugefiigt. Jede Probe wurde dann fiir 
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Abb. 1. — Diffusion der Glukose durch die Membran (Minutenzahl 100). Im 
Osmometer 0.9% NaCl, auf der Membran 1000 mg % Glukose in 0.9% NaCl. 
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Abb. 2. — Wirkung des Glukosezusatzes auf den »kolloidosmotischen Druck» } 
(die onkotische Saugkraft) des Serums. Minutenzahl der Membran 120. 
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sich mit dem urspriinglichen Serum verglichen, und beriicksichtigt 
wurde der grosste hydrostatische Druck, der erforderlich war, um 
die Wanderung des Wassers auf die Seite des zu untersuchenden 
Serums, welcher Druck natiirlich im Anfangsstadium der Messung 
wahrzunehmen ist, zu kompensieren. 

Die Resultate sprechen dafiir, dass der osmotische Effekt der 
Glukose selbst bei den Messungsergebnissen der ersten nach der 
Glukoseinjektion entnommenen Proben als ein den Druck etwas 
erhohender Faktor beriicksichtigt werden muss. Wie aus den 
Tabellen 1 und 2 hervorgeht, ist der Blutzuckerwert nur in dieser 
Probe so gross, dass er eine gewisse Wirkung ausiiben kénnte. 

Einer Patientin wurden 40 ccm 0.9% NaCl intravendés injiziert, 
wonach festgestellt wurde, dass der kolloidosmotische Druck des 
Serums unverandert geblieben war. Im Vergleich zum Ausgangs- 
wert betrug die Verdnderung 2 Min. nach der Injektion —0.3 cm, 
nach 30 Min. —0.3 cm und nach 60 Min. —0.4 cm H,0. 


BESPRECHUNG DER ERGEBNISSE 


Wie aus den Tabellen 1 und 2 ersichtlich ist, lasst sich unmittel- 
bar nach der Glukoseinjektion ein Absinken des kolloidosmotischen 
Drucks feststellen, das in 18 von 23 Fallen grésser ist als 0.5 cm 
H,O. Die Variationsgrenzen waren 0.6—-6 cm H,O, der Mittelwert 
1.5 cm. In 3 Fallen war keine sichere Veranderung wahrzunehmen, 
und in 2 Fallen wurden nach der Injektion erhéhte Werte fest- 
gestellt, namlich 2.5 und 2.1 cm H,0. 

Der kolloidosmotische Druck blieb im allgemeinen wahrend des 
ganzen Versuchs unterhalb des Ausgangswertes. Nur in 4 Messungen 
von 94 wurde ein héherer Wert erhalten als vor der Glukose- 
belastung. Es konnte also eine leichte, aber deutliche Abnahme- 
tendenz des kolloidosmotischen Drucks unmittelbar nach der 
Glukoseinjektion festgestellt werden, obwohl den Glukosebestim- 
mungen gemass, wie aus den Tabellen 1 und 2 hervorgeht, die 
Blutzuckerwerte soviel gestiegen waren, dass sie den Druck erhoht 
hatten. 

Die Proteinveranderungen nach der Glukoseinjektion ent- 
sprachen insofern den Veranderungen des _ kolloidosmotischen 
Drucks, als unmittelbar nach der Verabreichung der Glukose einé 
Verminderung des Gesamtproteins, des Albumins und der Globuline 
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fest gestellt werden konnte, aber danach waren die Veradnderungen 
nicht mehr einheitlich. Die Gesamtproteine sanken in sdmtlichen 
10 untersuchten Fallen, durchschnittlich 0.71 g/100 ccm. Albumin- 
abnahme wurde in 7 Fallen beobachtet, durchschnittlich 0.44 g/ 
100 ccm, und Verminderung der Globuline in 9 Fallen, durch- 
schnittlich 0.34 g/100 ccm. . 

Die festgestellten Veranderungen konnten sich vielleicht durch 
eine von der Glukoseinjektion verursachte Volumenvergrésserung 
des Blutes aus den Geweben erklaren lassen. Hiergegen sprechen 
aber die friiheren Beobachtungen (7) sowie die — allerdings wenigen 
— durchgefiihrten Hamatokritbestimmungen. Es ist auch unwahr- 
scheinlich, dass eine solche Wirkung mehrere Stunden lang anhalten 
sollte. Andererseits kinnte man das Absinken des kolloidosmotischen 
Drucks als eine Folge der Proteinverminderung deuten, welche 
letztere wiederum durch die hypertonische Glukoseloésung hervor- 
gerufen worden ware. Da offenbar kein »Verdiinnungseffekt» in 
Frage steht, konnte man an eine mit der Regulation des kolloid- 
osmotischen Drucks verkniipfte Erscheinung denken. Der Organis- 
mus ware dann bestrebt, dem osmotischen Effekt der Glukose 
entgegenzuwirken und eine Zunahme des Blutvolumens zu verhin- 
dern, indem er — médglicherweise durch Vermittlung der Proteine 
— den kolloidosmotischen Druck herabsetzt. 


ZUSAMMENFASSUNG 


An 23 Patientinnen ist die Wirkung von intravenéser Glukose- 
belastung auf den kolloidosmotischen Druck und die Proteine des 
Serums untersucht worden. Es wurden 40 ccm 50% Glukose 
intravenés injiziert, und Blutproben wurden im Laufe von 1—5 
Stunden genommen. Die Veradnderungen des Blutzuckers wurden 
untersucht, der kolloidosmotische Druck wurde nach dem Ver- 
fahren von Autio und Salminen (1) gemessen, und bei 10 Patientin- 
nen wurde die elektrophoretische Eiweissanalyse von allen Proben 
durchgefiihrt. — Es wurde festgestellt, dass der kolloidosmotische 
Druck in 18 Fallen unmittelbar nach der Glukoseinjektion sank, 
durchschnittlich 1.5 cm H,O, und nur bei 4 von 94 Messungen 
irgendwann wahrend der Glukosebelastung iiber den Ausgangs- 
wert stieg. Entsprechend wurde Absinken der Gesamtproteine, der 
Albumine und der Globuline festgestellt. — Als eine mégliche Erkla- 
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rung fiir die Veranderungen wird die Vermutung ausgesprochen, 
dass der Organismus bestrebt sei, den akuten, durch die Glukose 
verursachten Anstieg der osmotischen Konzentration im Blut 
durch eine Herabsetzung des kolloidosmotischen Drucks mit Hilfe 
der Serumproteine zu kompensieren. 
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Glycyrrhetinic acid and glycyrrhizinic acid produce effects simi- 
lar to those of desoxycorticosterone in both humans and experi- 
mental animals (1, 2, 4, 7, 10, 12). Thus, for example, glycyrrhetinic 
acid, like desoxycorticosterone, causes atrophic changes in the zona 
glomerulosa of the adrenal cortex in rats fed a diet containing the 
normal amount of salt (11). 

The purpose of the present study was to find out how administra- 
tion of monoammonium glycyrrhizinate alters the histological struc- 
ture of the adrenal cortex in rats subjected to a sodium deficiency, 
which deficiency has been observed in earlier studies to effect 
hypertrophic changes in the zona glomerulosa (3, 8). 


MATERIAL AND METHODS 


The test animals were 32 male albino rats which were divided into 
four equal groups as shown in Table 1. 

The animals of Group 1 were given an ordinary diet and tap water. The 
salt content of the ordinary diet was about 0.25 per cent by weight. Groups 
2, 3, and 4 received a special »sodium-free» diet containing less than 0,05 
weight per cent sodium. Distilled water was the only fluid given. With 
the exception of the sodium content, the diets were identical. 

In addition to the sodium-free diet, the animals of Group 3 were given 
5 mg of desoxycorticosterone intramuscularly as a single daily dose during 
2 weeks, and the animals of Group 4 subcutaneously 100 mg of monoam- 
monium glycyrrhizinate in 1 ml of water once daily during the same period. 
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At the end of the two- weekperiod, the animals were killed with a blow 
on the neck without narcosis, and the adrenals carefully detached from the 
surrounding fatty tissue and weighed on a torsion balance. 

For lipid staining with Sudan III, one of the adrenals was fixed in 10 
per cent formol and cut when frozen into 30-y snits. The other adrenal was 
fixed in Helly’s solution and 7-u paraffin sections were stained with Hema- 
um-eosin for morphological examination. 


RESULTS 


As shown by the data in Table 1, no appreciable changes occurred 
in the-mean weights of the animals in each group. Sodium deficiency 
alone did not alter the mean weight of the adrenals, but in combi- 
nation with desoxycorticosterone it led to a slight decrease in the 
mean weight of these glands. Monoammonium glycyrrhizinate and 
sodium deficiency together brought about an increase in the mean 
weight of the adrenals. 











TABLE 1 
Mean 
No Mean | Mean | Change} Mean fetes co 
of Initial | Final in Weight mg/ Trettmaet 
Ani- | Weight] Weight] Weight] of ‘ann o 
mals Adrenals B 8 
ody 
~ | | mg | Weight 
Group 1 8 245 253 +8 22.3 8.8 Ordinary diet 
Group 2 8 264 268 +4 22.9 8.5 Sodium deficiency 
Group 3 8 278 290 +12 20.0 6.9 Sedium deficiency 
+ 5 mg Doca/day 
Group 4 8 272 261 —11 29.1 144 Sodium deficiency 
+ 100 mg mono- 
ammonium gly- 
cyrrhizinate/day. 
































HISTOLOGICAL FINDINGS AFTER SODIUM DEFICIENCY 


A low salt content in the diet (Group 2) produced an increase 
in the width of the zona glomerulosa in all animals. The zone was 
in some areas 3—4 times wider than in the adrenals of tats fed a 
normal diet (Group 1). The cells in the glomerulosa of the sodium- 
deficient groups were arranged in parallel columns; this structure 
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was indistinct in the controls. The hypertrophy of the zona glomeru- 
losa was partly due to a marked increase in the size of the individ- 
ual cells, but evidently also the number of cells had increased 
since mitotic figures, which were very rarely seen in this region in 
the control animals, were distinguished in the outer layers of the 
zone. The cytoplasm in the zona glomerulosa was strongly eosino- 
philic and small vacuoles were infrequently seen in the cells. How- 
ever, in the inner layer of the zone, close to the transitional zone, 
cells containing numerous small vacuoles throughout their plasma 
were seen; they contained very little eosinophilic cytoplasm. These 
cells resembled greatly the cells normally seen in this cortical zone. 
The transitional zone could be clearly distinguished in the sodium- 
deficient group, and the zone was wider than normal in many 
places. 

No clear changes were noted in the zonae fasciculata and reticu- 
laris after the sodium-deficient diet except that a greater than 
normal number of large cells with strongly eosinophilic cytoplasm 
was seen in addition to the usual vacuolated cells in the zona fas- 
ciculata. 

In accordance with the morphological picture, only the inner 
layers of the glomerulosal zones were rather strongly stained by 
Sudan III and the sudanophobic zones could be clearly distinguish- 
ed. The zonae fasciculata and reticularis did not differ in Sudan 
staining from the corresponding regions in the control specimens. 


HISTOLOGICAL FINDINGS AFTER SODIUM DEFICIENCY AND SIMUL- 
TANEOUS ADMINISTRATION OF DESOXYCORTICOSTERONE OR MONO- 
AMMONIUM GLYCYRRHIZINATE 


Neither desoxycorticosterone (Group 3) nor monoammonium 
glycyrrhizinate (Group 4) given to rats on a sodium-deficient diet 
was able to prevent the hypertrophy of the zona glomerulosa during 
the 2-weeks test period. The histological picture of the zone was in 
the main similar to that seen in the animals of Group 2. The cells 
were generally arranged in parallel columns; they were larger than 
normal in size, contained few vacuoles and had a strongly eosino- 
philic cytoplasm. Similarly as in Group 2, cells with small vacuoles 
were seen in small numbers in the basal parts of the zone. The tran- 
sitional zone could be only indistinctly recognized here and there, 
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Figs. 1—4.-30-y frozen sections. Sudan III. Magnification about 120 x. 


Fig. 1. — Ordinary diet with normal sodium content. 
Fig. 2. — Sodium deficiency. The zona glomerulosa is wider than normal and 
the sudanophilic reaction is weaker but strongest in the basal part of the zone. 


Fig. 3. — Sodium deficiency + Desoxycorticosterone. Widened zona glomeru- 
losa; sudanophilic reaction strongest in the basal part of the zone. 
‘ig. 4. — Sodium deficiency + Monoammonium Glycyrrhizinate. Changes 


closely similar to the preceding. 
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Figs. 5—8.-7-y paraffin sections. Hemaleum-eosin. Magnification about 480 x. 


Fig. 5. — Ordinary diet with normal sodium content. Almost all cells of the zona 
glomerulosa contain small vacuoles. Transitional 3one clearly diseernible. 
Fig. 6. — Sodium deficiency. Zona glomerulosa wider than normal. Cells arran- 
ged in columns. Cells containing small vacuoles are seen in the basal region. 
The cells are hypertrophic and their cytoplasm strongly eosinophilic in the 
outermost layer. Transitional zone discernible. 

Fig. 7. — Sodium deficiency + Desoxycorticosterone. Zona glomerulosa wider 
than normal. Its cells are large with dense plasma. Vacuoles infrequent. Transi- 
tional zone hardly distinguishable. 

Fig. 8. — Sodium deficiency + Monoammonium glycyrrhizinate. Zona glome- 
rulosa wider than normal. Cells with dense plasma. Vacuolated cells infrequent. 
Transitional zone discernible with difficulty. 
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and hence it was often difficult to determine the boundary between 
the glomerulosa and fasciculata. In the animals that received des- 
oxycorticosterone (Group 3) the zona fasciculata was definitely 
narrower than normal, whereas in the animals that were given 
monoammonium glycyrrhizinate it was wider than normal. In the 
latter animals also the zona reticularis seemed to be wider than 
normal. 

In the Sudan staining, only the basal layers of the zona glome- 
rulosa in the animals of groups 3 and 4 became stained, and the 
sudanophobic transitional zone was distinguished only here and 
there as a narrower than normal layer. The fasciculata and reticu- 
laris were fairly strongly stained in both groups. 


DISCUSSION 


Earlier studies of the effect of sodium restriction on the adrenal 
cortex of experimental animals have led to results that are in part 
contradictory. Some investigators (3) have observed that in sodium 
deficiency the zona glomerulosa becomes conspicuously wider 
and its cytoplasmic lipid droplets decrease in size to eventual dis- 
appearance, but have noted no changes in the zona fasciculata. 
The same changes in zona glomerulosa have been observed also 
by others (5) who found that the histological picture of the zone 
returns to normal within 48 hours after the salt content of the 
diet is increased to the normal level. In contrast to the preceding, 
it has been found recently that the pronounced hypertrophy of the 
glomerulosa caused by sodium deficiency is accompanied by a 
marked increase of the lipid content of the zone (8). Already after 
two weeks of the sodium-deficient diet, globuli that gave lipid 
reactions were detected in the cells of the outer layers of the zona 
glomerulosa. These globuli increased progressively in number and 
size as the sodium-deficient diet was continued. There was also 
observed a strong atrophy of the zona fasciculata which was attribut- 
ed to the pressure resulting from expansion of the glomerulosa. 

The inconsistency of the results obtained when studying the 
effects of sodium deficiency in animals is confirmed by the obser- 
vation that the deficiency does not effect a statistically significant 
increase in the width of the zona glomerulosa in dogs (13). 

In the present study a clear increase in the size of the glome- 
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rulosa occurred in the rats in salt deficiency (Group 2) but at the 
same time the lipid reaction was limited to the basal layer of the 
zone. The transitional zone was clearly discernible and was slightly 
wider than normal. The lipid droplets in the zona glomerulosa 
were no larger in size in these rats than in those fed a diet con- 
taining the normal amount of salt. Neither did any greater changes- 
take place in the fasciculata or reticularis in the rats in salt 
deficiency as compared with the controls. Our results are thus 
more in agreement with those of Deane et al. (3) than with those 
of Hartorft and Eisenstein (8). 

As we have established earlier, glycyrrhetinic acid effects atro- 
phis changes in the zona glomerulosa in rats fed a diet containing 
the normal or higher than normal salt content (11). A similar 
atrophy has been observed to result when desoxycorticosterone has 
been administered under similar conditions (6). If, however, rats 
are kept on a sodium-free diet, desoxycorticosterone does not pro- 
duce atrophy of the zona glomerulosa, and the latter reveals a nor- 
mal histological appearance (9). In contrast, other observes (3) 
report that a daily 2-mg dose of desoxycorticosterone does not 
prevent the hypertrophy of the zona glomerulosa in animals on a 
sodium-free diet. 

The animals of Group 3 of the present study were giwen daily a, 
single 5-mg dose of desoxycorticosterone. This dosage was unable 
to prevent hypertroply of the glomerulosa during a sodium-deficient 
period of two weeks. The marked atrophy of the zona fasciculata 
that developed during this period explains the lower mean total 
weight of the adrenals in these animals as compared with the 
corresponding mean weight in the controls. 

Hypertrophic changes were also seen in the zona glomerulosa of 
the animals of Group 4 which were given 100 mg of monoammo- 
nium glycyrrhizinate daily during the two-week sodium-deficient 
period; these changes were of the same order as seen in Group 3 
(Doca + salt-free diet) and Group 2 (salt-free diet). The transi- 
tional zone, which was wider than normal in Group 2, was less 
distinct than normal in Groups 3 and 4. 

These observations can be taken to indicate thet desoxycorti- 
costerone and monoammonium glycyrrhizinate have a similar 
action, which is in agreement with previous opinions of the histo- 
pharmacological properties of these compounds. 
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In one respect, however, the changes in the adrenal cortex in the 
glycyrrhizinate-treated group deviated from those seen in the Doca 
group. Whereas the weights of the adrenals had decreased and the 
zona fasciculata had become atrophic in the latter group, the weights 
of the adrenals had increased and both the zona fasciculata and 
reticularis had hypertrophied in the former group. 

One possible explanation for the different effects produced by 
these two compounds in the two zones may be that parenterally 
administered desoxycorticosterone lowers the secretion of the 
adrenocorticotropic hormone which in turn leads to atrophy of 
these zones, whereas monoammonium glycyrrhizinate given in a 
relatively large dose may be biologically so foreign that it induces 
a stress phenomenon that promotes endogenous secretion of ACTH 
and hence hypertrophy of the zona glomerulosa and retisularis. 


_ These explanations are, however, hypothetical, and the only sure 


sign of the toxicity of monoammonium glycyrrhizinate was a local 
irritation at the injection site, which led to atrophy of the epidermis 
and obliteration of the hair follicles. 


SUMMARY 


The microscopic appearance of the adrenal cortex has been stud- 
ied in four groups of eight male rats. One group was given a stan- 
dard diet, the second a sodium-deficient diet. The third group was 
given the sodium-deficient diet and 5 mg of desoxycorticosterone 
intramuscularly per day, and the fourth group the sodium-deficient 
diet and 100 mg of monoammonium glycyrrhizinate subcutaneously 
daily. The test period was two weeks. 

Sodium deficiency effected a marked hypertrophy of the zona 
glomerulosa, which neither desoxycorticosterone nor monoammo- 
nium glycyrrhizinate was able to inhibit. 

The lipid content of the zona glomerulosa simultaneously de- 
creased in all groups of sodium-deficient rats. In the animals that 
received desoxycorticosterone the zona fasciculata became narrower, 
while in the animals that were given monoammonium glycyrrhizin- 
ate both the zona fasciculata and zona reticularis became wider 
than normal. Sodium deficiency alone dfd not produce changes in 


the latter zones. 
The results obtained indicate that monoammonium glycyrrhizin- 
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ate and desoxycorticosterone produce similar histopharmacologi- 
cal changes in the zona glomerulosa. 
Monoammonium glycyrrhizinate caused hypertrophy of the 
zonae fasciculata and reticularis. The possible causes of this phenom- 
enon are discussed. 
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Cardiac complications following the use of vermifuges are not 
rare (2, 6, 7, 10, 12), but our present knowledge of these is mainly 
based upon empirical observations. Very little is known about the 
relative importance of vermifugal drugs and other factors involved 
in the eviction of tapeworms in producing side effects (7, 17). Also 
the relative toxicities of various anthelminthics are incompletely 
known. For these reasons the effects of male fern extract and flava- 
spidic acid on the mechanical function of isolated mammalian heart 
muscle preparations was studied. 


METHOD 


The mechanical function of the isolated, spontaneously beating, 
atrial preparation of rat heart was studied under the influence of 
the male fern extract and flavaspidic acid. Because of the low solubil- 
ities of the substances, they were used in the form of their N-methyl- 
glucaminates. The male fern extract (extractum filicis) was derived 
from the fern species Dryopteris austriaca collected in 1955 in 
Finland. The content of active substance in the extract was 40 per 
cent as determined by the method of Fromme (5). The glucaminate 
of the extract was prepared in the following manner. Male fern 
extract (11.1 grams) and N-methylglucamine (2 grams) were dis- 
solved in absolute ethanol. This solution was concentrated on a water 
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bath and the residue dried in vacuo. The resulting N-methylgluca- 
minate was pulverized and dissolved in distilled water to give a 1 per 
cent solution. The pH of the solution was 6.8. The calculated con- 
tent of active substance in the glucaminate powder was 34 per cent. 

The £-flavaspidic acid had been isolated from Finnish Dryopteris 
filix mas by the Pharmaceutical Manufacturers »Leiras»*. The 
N-methylglucaminate of the acid was prepared in the same way as 
that of the fern extract, starting from 22.2 grams of #-flavaspidic 
acid and 9.75 grams of N-methylglucamine. The calculated flava- 
spidic acid content of the glucaminate powder was 69.5 per cent. 
A 1 per cent solution was prepared which had a pH of 6.8. 

Eighty-seven female rats of the Wistar strain were employed as 
experimental animals. The animals were of the same age and weighed 
from 200 to 250 grams. The right, spontaneously beating atrial 
muscle preparation was isolated as described previously (9). The 
mechanical function of the preparation was registered isotonically 
on smoked paper by a mechanical lever. In order to reduce the error 
in the mechanical recording of the movement of the heart muscle 
beating at a high rate, the determinations were performed at the 
low temperature of 28°C. Before beginning the experiment, the 
atrial preparation was allowed to beat spontaneously for half an 
hour to permit stabilization of the contraction. The dose-effect rela- 
tionship of the drugs was determined by adding a single dose of the 
substance under test to Locke’s solution in the isolation chamber 
and the mechanogram of the preparation was recorded during 
periods up to 25 minutes at intervals from one to five minutes. 
The volume of Locke’s solution was 60 cc. Only one determination 
was made on each preparation. The effect of each drug dose was 
studied on a group of five or ten preparations. Seven preparations 
served as controls, and five of these were treated with N-methyl- 
glucamine after a 25-minute control period. 

In the experiments with the highest doses, the atrial muscle 
preparation stopped beating in a few minutes, while in those with the 
smallest doses the preparation continued to beat after the end of the 
observation period. The drug concentrations in Locke’s solution 
were those given in the results of this study. They refer to total 
weights of the respective glucaminates. 


* The writers are indebted to Pharmaceutical Manufacturers »Leiras» for 
economical aid. 
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RESULTS 


The variation of the amplitude of contraction is seen in figure 1 
where the relative changes for various drug concentrations are 
plotted as a function of time. The points on each curve represent 
mean values for a group of five or ten preparations. The effect of the 
N-methylglucaminate of male fern extract is seen to be about three 
times as strong as that of the N-methylglucaminate of flavaspidic 
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Fig. 1. — Relative amplitudes as a function of time for various test substance 


concentrations (mg per 100 c.c.). ~--—- N-methylglucaminate of male fern 
extract, N-methylglucaminate of flavaspidic acid, ---—-— N-methyl- 
glucamine, ...... control. 





The dose-effect relationship expressed as a change in amplitude 
was linear up to a certain dose level (Fig. 2 and 3). The limiting 
dose, above which the response curve was no longer linear, decreased 
as the period of observation increased. 

Mean values of the beat rate are shown in Tables 1 and 2. The 
beat rate was less sensitive to the substances studied than the 
amplitude. The changes in the rate were insignificant at low drug 
concentrations. A large diminution of the amplitude was associated 


18 — Ann. Med. Exper. Fenn. Vol. 36. Fasc. 3. 
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Fig. 2. — Relative decrease of amplitude as a function of the concentration of 


N-methylglucaminate of male fern extract after 5, 10 and 15 minutes. 
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Fig. 3. — Relative decrease of amplitude as a function of the concentration of 
N-methylglucaminate of flavaspidic acid after 5, 10 and 15 minutes. 
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TABLE 1 
EFFECT OF N-METHYLGLUCAMINATE OF MALE FERN EXTRACT AND OF N-METHYL- 
GLUCAMINE ON THE BEAT RATE PER MINUTE OF AN ATRIAL MUSCLE PREPARATION 
OF THE RAT 















































Concentration (mg per 100 cc) 
, N-Methyl- |N-Methylglucaminate of Male Fern 
Minutes No Drug glucamine Extract 
— 67 0.08 | 0.16 0.5 0.8 3.3 
0 203 215 213 192 204 224 192 
5 204 223 211 184 216 222 152 
10 203 213 211 184 216 220 125 
15 202 201 213 180 213 212 134 
20 208 180 213 177 222 198 0 
25 211 180 223 180 219 0 
TABLE 2 


BEAT RATE (PER MINUTE) AS FUNCTION OF TIME FOR VARIOUS CONCENTRATIONS 
OF N-METHYLGLUCAMINATE OF FLAVASPIDIC ACID. 














Concentration (mg per 100 cc) of N-Methylglucaminate of 
Minutes Flavaspidic Acid 
0.3 1.0 ait 3.3 10.0 24.0 58.0 
0 194 216 208 220 187 176 170 
5 199 211 203 196 129 66 41 
10 196 206 199 188 82 0 39 
15 201 204 186 175 47 0 
20 201 194 179 118 22 
25 196 202 171 93 0 
































with a clear decrease in the rate. There were no essential qualitative 
differences between the effects of the two substances. In many cases 
transitory disturbances in the rate were observed. The rhythm 
became abruptly irregular and was slow for the highest concentra- 
tions of both substances. These changes appeared during the two 
first minutes of the experiment. The change was reversible in many 
cases. Slow and normal rates often alternated when a great 
diminution in the amplitude occurred. N-methylglucamine in a 
concentration of 67 mg per 100 c.c. had a clear negative chrono- 
tropic effect, although it did not decrease the amplitude (Table 1 
and Fig. 1). 

The work output per minute of the preparation is given by the 
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Fig. 4. — Relative work output per minute as a function of time for various 
test substance concentrations (mg per 100 c.c.), ----—- N-methylglucaminate 
of male fern extract, N-methylglucaminate of flavaspidic acid, —-—-—- 
N-methylglucamine, ...... control. 


product of the amplitude and beat rate. The preparation really 
does work when lifting the lever in isotonic recording. As both the 
amplitude and the beat rate diminished, the work output decreased. 
The results are seen in Fig. 4. These show that the inhibiting effect 
of the N-methylglucaminate of male fern extract was about three- 
fold compared with that of the N-methylglucaminate of flavaspidic 
acid. 

Fig. 5 shows the time required for the work output per minute to 
decrease to 75, 50 and 25 per cent of its original value. The curves 
of both substances are similar in’ form but the greater toxicity of 
male fern extract glucaminate is clearly evident. 

From the recorded curves it was possible to see whether the 
atrial preparation showed contracture or loss of tone when the activity 
was depressed by the drugs. Analyses of the curves showed that in 
all cases the diastolic length of the preparation diminished as the 
effect of the active substance became stronger. The systolic length 
of the preparations underwent smaller changes because the amplitude 
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Fig. 5. — Time required by various test substance concentrations to lower the 

work output per minute to 75, 50 and 25 per cent of the initial value. ----— 

N-methylglucaminate of male fern extract, N-methylglucaminate of 
flavaspidic acid. 





diminished. The effects of both substances were similar. The con- 
tracture developed in parallel with the changes in amplitude and 
rate under the influence of both substances. 

In those cases where the atrial preparation stopped beating, this 
took place in diastole. Before this phase the amplitude was already 
small. The preparation continued to shorten in length even after the 
contractions had ceased. 


DISCUSSION 


The toxic effect of anthelminthics on muscle tissue is of consider- 
able practical importance. According to Straub (18) male fern sub- 
stances are especially toxic to the protoplasm of contractile cells. 
Therefore the heart muscle may be affected when it is exposed to 
the action of these drugs. Handmann (8) observed that the atria of 
the frog heart stopped beating earlier than the ventricle when 
exposed to anthelminthics. According to Poulsson (16) toxic doses 
of filicic acid caused irregular contractions with a slow rate. In 
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Oelkers and Rathje’s (14) study irreversible heart standstill was 
observed to occur in filmaron concentrations of 0.4—0.5 mg per 
100 c.c. The atria continued to beat after the ventricles had stopped. 
Pennetti (15) reported arrhythmias and negative chronotropic and 
inotropic effects in an isolated rabbit heart exposed to filmaron 
and filicic acid. The heart was observed to stop in diastole in these 
cases (8, 16). Oelkers and Ohnesorge (13) concluded on the basis of 
experiments on cats and rabbits which received filmaron intra- 
venously or male fern extract by mouth that the basic cause of 
death was the action on the heart. They observed arrhytmic con- 
tractions, disturbances of the intraventricular conduction, and 
damage of the heart muscle before the heart stopped beating. In the 
present study the amplitude of the contractions was especially 
sensitive to the test substances, but the initiation rate of the impulses 
of the sinoauricular node was less affected. 

There was a definite difference in the relative toxicities of the 
N-methylglucaminates of the male fern extract and flavaspidic acid. 
The glucaminate of the male fern extract was three times as toxic as 
the glucaminate of flavaspidic acid on a dry weight basis as measured 
from changes in the beat amplitude and work output per minute. 
This difference was greater when calculated on the basis of active 
substance content of the drugs, i.e. the N-methylglucaminate of 
flavaspidic acid was tolerated six times as well as the N-methyl- 
glucaminate of male fern extract. For clinical use doses of flava- 
spidic acid from 0.5 to 0.8 g have been recommended by Anttonen (3). 
The usual dose of Finnish male fern extract is 3 to 4 g (11). The 
flavaspidic acid is an important constituent of the extract of Dryopte- 
ris filis mas and of Dryopteris austriaca (1). If the relative toxic 
action of flavaspidic acid and that of male fern extract on the heart 
muscle parallel those of the respective N-methylglucaminates fewer 
cardiac complications would be expected when flavaspidic acid is 
used. However, the N-methylglucaminates have not been used as 
vermifuges. It seems that the solubility is an important factor 
determining the effectiveness of a vermifuge, i.e. its toxicity to the 
parasite. According to preliminary tests the toxicity of N-methyl- 
glucaminates of male fern extract and of flavaspidic acid to Tubifex 
rivulorum is very high in vitro (4). On the other hand, the resorption, 
detoxication and excretion of derivatives of male fern vermifuges are 
poorly known. These aspects are worth further study. Experi- 
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ments to determine effect of flavaspidic acid and male fern extract 
suspension on the atrial muscle preparation of the rat are in 


progress. 


SUMMARY 


The effect of N-methylglucaminates of male fern extract and of 
flavaspidic acid on rat heart muscle has been studied. The mechanical 
function of the isolated atrial preparation was recorded isotonically 
in various concentrations of these substances. 

Both substances were found to have a negative inotropic and a 
negative chronotropic effect. The amplitude of the contractions was 
more sensitive than the beat rate. The degree of contracture of the 
atrial preparation increased with the concentration of the test 
substance and the period of exposure. On a weight basis the N- 
methylglucaminate of male fern extract was three times as active 
as the N-methylglucaminate of flavaspidic acid. 
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RESPONSE OF HEART MUSCLE TO SUSPENSIONS 
OF MALE FERN EXTRACT AND FLAVASPIDIC 
ACID IN VITRO 


by 
T. O. KEYRILAINEN, T. K. MARKKANEN and LEO HIRVONEN 
(Received for publication May 6, 1958) 


In a previous paper (1) it was shown that the N-methylgluca- 
minates of male fern extract and flavaspidic acid have negative 
inotropic and chronotropic effects on the isolated atrial heart muscle 
preparation of the rat. The activity of the N-methylglucaminate 
of the male fern extract was three times as strong as that of the 
N-methylglucaminate of flavaspidic acid. As, however, the gluca- 
minates of the respective drugs have not been used as vermifuges, 
these findings may be only of theoretical interest. In the present 
study, the effects of suspensions of male fern extract and flava- 
spidic acid were studied. The experimental conditions were otherwise 
similar to those used in the study of the N-methylglucaminates. 


METHOD 


Male fern extract derived from Dryopteris austriaca collected 
in 1955 in Finland and f-flavaspidic acid were examined}. 100 mg 
of the substance in question was mixed with 3 c.c. of acetone and 
94 c.c. of distilled water. When 3 c.c. of 0.1 N sodium hydroxide 
was added to this mixture, a transparent suspension was obtained. 
The pH of the male fern extract suspension was 8.0 and that of 
the flavaspidic acid suspension 7.4. When these suspensions were 


1 The writers are indebted to Pharmaceutical Manufacturers Leiras for 
the test substances and financial aid. 
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added to 60 c.c. of Locke’s solution in the isolated organ bath in 
doses of 1 to 4 c.c., no change occurred in the pH of Locke’s solution, 
which was 7.8. 

The preparation of atrial heart muscles and other technical 
details have been described previously (1). Fifty-four female rats 
of Wistar strain weighing from 200 to 250 g were used as experi- 
mental animals. After the contraction of the atrial preparation 
became stabilized, a single dose of the test substance was added 
and the mechanogram was recorded at intervals of one to five min- 
utes during periods up to 25 minutes. Five preparations of each 
drug concentration were studied. A control group of 8 preparations 
was studied by exposing them to the influence of the acetone and 
sodium hydroxide mixture; the quantity of this mixture added was 
50 per cent greater than that contained in the highest dose of 
the flavaspidic acid series. 


RESULTS 


The amplitude of contraction decreased with increasing doses 
of the test substances and with the length of the observation 
period. The effect of male fern extract was stronger than that of 
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flavaspidic acid. No changes in the amplitude occurred in the con- 
trol series in which only the mixture of acetone and sodium hydroxide 
was added. 

The dose-effect relationship expressed as a change of amplitude 
is seen in figure 1. The curves plot the relative decrease in ampli- 
tude as a function of the concentration of male fern extract and 
flavaspidic acid after observation periods of 5, 10 and 15 minutes, 
The stronger influence of the male fern extract is evident; this 
extract seems to. be two to three times as active as flavaspidic 
acid. The limiting dose above which the response curve was no 
longer linear decreased as the observation period increased in 
length. 

The beat rate was not changed significantly by the small test 
substance concentrations. High doses decreased the rate already 
during the first minutes of the observation period. The mean values 
are shown in Table 1. The negative chronotropic effect of male 


TABLE 1 


EFFECT OF MALE FERN EXTRACT AND FLAVASPIDIC ACID SUSPENSIONS ON THE 
BEAT RATE PER MINUTE OF AN ATRIAL MUSCLE PREPARATION OF RAT HEART 
































Concentration (mg per 100 cc) 
Min- Coe- Male Fern Extract Flavaspidic Acid 
utes trol 
01 | 03 | 3.5 | 017 | 0.5 3.3 | 6.6 
0 216 223 223 240 250 250 228 199 
5 218 226 226 180 242 249 183 88 
10 216 230 230 0 242 242 166 95 
15 216 226 226 aa 238 237 129 60 
20 214 226 226 — 235 234 121 48 
25 213 223 223 ae 232 223 105 0 


























fern extract was weak also at high concentrations which led to a 
great decrease in amplitude. Flavaspidic acid retarded the beat 
rate significantly already before a marked diminution of the ampli- 
tude occurred. 

The work output per minute given by the product of amplitude 
and beat rate is seen in figure 2. The work output decreased 
because both the amplitude and rate decreased. The depressing 
effect of the male fern extract was two to three times as strong as 
that of flavaspidic acid. 
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Development of contracture was seen in all the preparations. 
Both test substances had a similar effect which became stronger 
when the dose was increased. On a weight basis the male fern 
extract had the stronger effect also in producing contracture. 


DISCUSSION 


Male fern extract and flavaspidic acid suspensions exert similar 
effects on the mechanical function of an atrial muscle preparation 
of the rat in vitro as the respective N-methylglucaminates (1). 
However, the suspensions exert a stronger influence than the N-me- 
thylglucaminates. In both series the male fern extract was found 
more toxic than flavaspidic acid. The relative toxicity of the male 
fern extract suspension was two to three times that of the flava- 
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spidic acid suspension. The respective ratio in the N-methylgluca- 
minate series was three to one. 

Difficulties are encountered when preparing solutions or sus- 
pensions of male fern extract preparations. It is necessary to add 
solvents such as acetone or alcohol. A high content of these may as 
such have an inhibitory effect on the heart muscle (2). The quantity 
of acetone employed in the present study was not found to have 
any effect as shown by the control series. 


SUMMARY 


The effect of male fern extract and flavaspidic acid suspensions 
on the mechanogram of a spontaneously beating atrial preparation 
of rat was studied in vitro. 

The negative inotropic effect of male fern extract was two 
to three times as strong as that of flavaspidic acid. The suspensions 
of these compounds had a stronger influence than the respective 
N-methylglucaminates. 


REFERENCES 


1. MaRKKANEN, T. K., Keyritainen, T. O., and Hirvonen, L.: Ann. Med. 
Exper. et Biol. Fenniae, in press. 
2. Oetkers, H.-A.: Arch. f. exper. Path. u. Pharmakol. 1940:195:315. 

















FROM THE MEDICAL DEPARTMENT OF THE MARIA HOSPITAL, HELSINKI, 
AND THE ANATOMICAL DEPARTMENT, UNIVERSITY OF HELSINKI 


OCCURRENCE OF MAST CELLS IN THE GASTRIC MUCOSA 
UNDER NORMAL AND PATHOLOGICAL CONDITIONS 


by 
M. SIURALA and M. SUNDBERG 
(Received for publication March 28, 1958) 


Since Ehrlich’s (5) discription of the so-called mast cells these 
cells have been an object of great scientific interest. The occurrence 
of mast cells in the gastric mucosa has been studied by some authors. 
Hjeliman (8) observed in human embryo the first appearance of 
mast cells in the gastric mucosa in the fourth month of pregnancy. 
Janes and McDonald (11) found that the mast cell count in speci- 
mens taken in connection with gastric operations was in gastric 
cancer cases four times greater than in cases of peptic ulcer. In 
the ulcer cases the specimens were taken from an area adjacent 
to the edge of the ulcer; the cancer specimens were taken outside 
the cancer-invaded area. Other authors (6, 9, 12, 13, 16) have 
found plenty of mast cells in the margin between normal and 
cancer tissue although they were almost absent in the area invaded 
by cancer cells. A possible explanation of the differences in the 
occurrence of mast cells in cancerous and noncancerous conditions 
might be the different morphological conditions of the gastric 
mucosa in these diseases. However, thorough investigations on the 
occurrence of mast cells in different morphological conditions 


of the gastric mucosa are lacking. 


The purpose of the study here reported was to determine the 
mast cell count in the gastric mucosa under normal conditions 
and in various types and degrees of gastritis. The occurrence of 
mast cells in gastric mucosa of ulcer and cancer patients will be 
published later. 
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METHODS 


Some writers (1, 3, 4, 7, 14) have suggested that mast cells 
might be influenced by adrenocortical hormones. It is possible 
therefore that the narcosis given and the operative procedure 
itself might have some influence upon the mast cell count of the 
gastric mucosa. To obviate these possible sources of error the 
specimens were taken from the gastric mucosa by the blind suction 
biopsy method. 

Biopsies were taken from the gastric body mucosa with a suction 
biopsy tube. The specimens were fixed immediately in a freshly 
prepared 4 per cent aqueous solution of basic lead-acetate by the 
method of Holmgren (10), prepared in the usual way and cut into 
10 uw slices. The slices were treated with alcohol and stained with 
1 per cent toluidine blue aqueous solution. For details, reference 
is made to the literature (14). A Zeiss binocular microscope with 
objective No. 40, ocular No. 10, was used. The visual field was 
0.04 sq.mm. The cells were counted in alternate slices and only 
cells with visible nuclei were noted. Mast cells were counted from 
a region above and adjacent to the muscularis mucosae and the 
visual field was moved along the upper border of the muscularis 
mucosae. Only specimens with a well preserved muscularis mucosae 
were examined. The number of mast cells was determined in 
2 sq.mm. The cell count per sq.mm. was calculated from the result 
obtained. One of us counted the mast cells and the other made 
the gastric biopsies and histological examinations. 

X-ray examinations of the stomach and duodenum were per- 
formed in every case. Patients suffering from peptic ulcer and 
gastric cancer were excluded from the series. 

114 specimens were taken from 57 subjects. After exclusion 
of the specimens without muscularis mucosae, the specimens 
used for the counting totalled 86. The distribution of the cases 
according to the condition of the gastric mucosa and the definitions 
of various mucosal conditions are given in Table 1 and Figure 1.° 
The clinical diagnoses are listed in the following chapter. 

T-test and x? were used for the statistical calculations 
in comparing the histologically different groups. The possible 
influence of age on the condition of the gastric mucosa was in- 
vestigated by correlation and regression analyses. The deviation 
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' TABLE 1 
MAST CELL COUNT IN A NORMAL MUCOSA AND IN GASTRITIS 
Lass k No. of Mast Cell Count 
Condition of Gastric Mucosa aan i 
ange Mean 
NORMAL INWCOBA: 62:6 0.0 2s 6 Sees 17 20—155 79+ 8.6 
Superficial gastritis® ........... 8 58—277 125 + 24.1 
} Slight atrophic gastritis? ...... 21 58—351 153 + 18.3 
Severe atrophic gastritis? ...... 11 92—226 150 + 13.7 
BMY Site eae ete au eee ese 57 




















1 Superficial gastritis (including »interstitial» gastritis): intact body glands, 
inflammatory cell infiltration and edema beneath the surface epithelium 


} or throughout the mucosa. 


2 Slight atrophic gastritis: slight loss of normal body glands. 


8 Severe atrophic gastritis: marked or total loss of normal body glands. 
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Fig. 1. — Mast cell count in a normal mucosa and in gastritis. 
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of the double determinations was calculated from the following 
formula s = V (ed?)/2n, where d represents the difference of the 
double determination anc n the number of pairs. 


RESULTS 


There were 29 cases in which the mast cells were counted from 
specimens taken from different areas of the body of the stomach. 
No marked differences were found between 2 specimens from the 
same patient. The standard error of a single determination, s, was 
16.1, which must be considered satisfactory. As this calculation 
may serve as an index of the reliability of the counting procedure 
itself, our counting failure appears to be rather small. 

The mast cell count in different conditions of the gastric mucosa 
is given in Table 1 and Figure 1. 

In 17 cases with a normal gastric mucosa the mean mast cell 
count was 79.8 + 8.6 (range 20—155). It should be noted that 
the highest count, 155 per sq.mm., was observed in the patients 
on whom gastroenterostomy for duodenal ulcer had been per- 
formed some years previously. The mean value of the cases with 
functional gastrointestinal disturbances was 84.1 cells per sq.mm., 
and of those with some organic disease 73, i.e. nearly the same order 
of magnitude. 

The mean mast cell count in 8 cases with superficial or interstitial 
gastritis was 125.5+.24.1 cells per sq.mm. The difference from the 
normal cases was statistically insignificant, possibly due to the low 
number of cases in the group. The range was 58 to 137 cells per 
sq.mm. if one case with a count of 277 is disregarded. This 
exceptional count was from a patient with thyreotoxicosis. How- 
ever, two other cases with thyreotoxicosis had counts of only 65 
and 94 cells per sq.mm. 

In 21 cases with a milder degree of atrophic gastritis the mean 
mast cell count was 153.0 + 18.3 (range 58—351), The difference 
from the normal cases was statistically significant (p < 0.05). 
Compared with the superficial-interstitial group it was insignificant. 
5 patients revealed extreme high values (above 200 cells per sq.mm.). 
The patient with the highest mast cell value (351) was asymptomatic 
and had been recently treated for tapeworm pernicious anemia. 

In 11 cases with severe atrophic gastritis the mean count was 
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150.4 + 13.7 (range 92.5—226). The difference from the normal 
group was statistically highly significant (p < 0.001). Low values 
were found in two cases only (92.5 and 94 cells per sq.mm.). 

In 5 cases the condition of the gastric mucosa was different 
in specimens taken from different parts of the body of the stomach. 
The mast cell count, however, was approximatively the same in 
specimens taken from the same patient. For instance, in one case 
the mast cell count in the specimen with normal mucosa was 143 
cells per sq.mm. and in the specimen with atrophic gastritis 167. 
In another case the mast cell count in the specimen with super- 
ficial gastritis was 100 and that with atrophic gastritis 113 cells 
per sq.mm. 

The possible influence of the patient’s disease upon the mast cell 
count is difficult to evaluate. The mean count in patients with 
functional gastro-intestinal disturbances and _ neurosis was 
123 + 23.2. In those with a more severe disease (thyreotoxicosis, 
gallbladder disease, nephropathy and others) the mean was some- 
what higher i.e. 131+ 18.5; the difference, however, was 
statistically insignificant. Of 8 cases with extremely high (above 
200 cells per sq.mm.) values 2 had dyspepsia, 1 was asymptomatic, 
1 had thyreotoxicosis, 1 had gallbladder disease and 2 had been 
recently treated for tapeworm pernicious anemia. Of 6 patients 
with extremely low values (below 50 cells per sq.mm.) 3 had 
functional gastro-intestinal disorders, 1 had gallbladder disease, 
1 prolapse of the gastric mucosa into the duodenum and 1 had 
recently been treated for hepatic abscess. 

In addition to the normal loss of glands and metaplasia, in- 
flammatory changes are the main features of gastritis. In this series 
of gastritis the inflammatory changes were slight or absent only in 
3 cases with total atrophic gastritis and one case with slight atrophic 
gastritis. Comparison of the mast cell count with the degree of the 
inflammatory changes gave the following results: In cases with 
slight or no inflammatory changes the mean mast cell count was 
106 + 12.7 cells per sq.mm., in those with severe inflammatory 
changes (severe inflammatory cell infiltration throughout the 
mucosa) the mean mast cell count was 142 + 13.2 cells per sq.mm. 
The difference between these groups, however, was statistically 
only possibly significant (p = 0.05). 

The influence of age upon the mast cell count of the gastric 


19 — Ann. Med. Exper. Fenn. Vol. 36. Fasc. 3. 








' 
t 
L 
} 
j 





276 M. SIURALA AND M. SUNDBERG 


mucosa was also analyzed. In patients below the age of 50 the mean 
mast cell count was 112 + 11.6 and above the age of 50 140 + 13.0 
cells per sq.mm. The difference was statistically insignificant. There 
was a clear increase of atrophic gastritis, in which the mast cell 
count was significantly higher than in the normal cases, with 
advancing age. Thus, 20 of 33 cases with atrophic gastritis and only 
7 of 21 cases with a normal mucosa were over 50 years of age (the 
difference was statistically significant). The higher mean mast cell 
count in older persons is therefore presumably due to the increase 
of atrophic gastritis with age. This is supported also by the results 
of the regression and correlation analyses. None of the correlation 
coefficients in the normal and gastritis groups were statistically 
significant, nor was the average correlation statistically significant. 


DISCUSSION 


The investigation showed that there was a clear correlation 
between the mast cell count and the morphological condition 
of the gastric mucosa. In specimens with atrophic gastritis the 
mast cell count was significantly higher than in those with a normal 
gastric mucosa. These findings are in agreement with the 
experimental investigation of Blomqvist (2). Blomqvist found a 
significant increase of mast cells with the development of 
experimental gastritis in guinea-pigs. There was also some,although 
statistically only possibly significant correlation between the mast 
cell count and the degree of the inflammatory changes. The latter 
fact perhaps explains the finding that the mean mast cell count in 
cases with severe atrophic gastritis was of the same order of 
magnitude as in cases with slight atrophic gastritis since the in- 
flammatory changes were in general more pronounced in the latter. 

It should be noted that in some cases the mast cell count in 
specimens taken from the same patient was of the same order of 
magnitude although the condition of the gastric mucosa was 
quite different. In addition, the mast cell count varied considerably 
in cases in which the condition of the gastric mucosa was the same, 
e.g. in cases with slight atrophic gastritis the mast cell countvaried 
from 54 to 351 cells per sq.mm. Thus it is possible that other 
factors than the morphological condition of the mucosa have some 
influence upon the mast cell count of the gastric mucosa. The 





OCCURRENCE OF MAST CELLS IN THE GASTRIC MUCOSA 277 


possible influence of the age and the disease of the patient has been 
noted in this series. However it could not be demonstrated that these 
factors had an essential effect on the mast cell content of the gastric 
mucosa. 


SUMMARY 


The mast cell count was determined in specimens taken from 
the body of the stomach by the suction biopsy method. The mean 
mast cell count in 17 cases with a normal gastric mucosa was 
79 + 8.6, in 8 cases with superficial gastritis 125 + 24.1, in 21 
cases with slight atrophic gastritis 153 + 18.3 and in 11 cases 
with severe atrophic gastritis 150 + 13.7. The difference in the 
mast cell count of a normal and atrophic mucosa was statistically 
significant. There was also some correlation between the mast 
cell count and the degree of inflammatory changes. It could not 
be demonstrated that the age and the disease of the patient had 
any definite influence upon the mast cell count of the gastric 
mucosa. 
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UROPEPSIN AND UROCATHEPSIN IN NORMAL AND 
CERTAIN PATHOLOGICAL CONDITIONS * 


A COMPARATIVE STUDY 


by 
TEPPO VARTIO and PEKKA VUOPIO 


(Received for publication April 16, 1958) 


The stomach of man has two proteolytic enzymes, pepsin, 
which has the pH-optimum 1.5—2, and cathepsin with pH-opti- 
mum 3—5. The greater part of pepsin, which is derived from the 
cells of the gastric mucosa, is secreted into the gastric lumen, 
whereas the smaller portion diffuses from the peptic cells into the 
blood and is excreted in urine as uropepsin. The corresponding 
portion of cathepsin excreted in urine is called urocathepsin. 

The occurrence of uropepsin in various diseases has been thor- 
oughly studied. High values has been obtained in duodenal and 
gastric ulcer (3, 9, 10, 16) and low values in pernicious anaemia 
and gastric carcinoma (1, 7, 8, 9, 10). The values, however, show 
individual variations and overlapping to such a degree, that, 
according to recent studies (6, 11, 18), the uropepsin determination 
has no or very little value in differential diagnosis. 

From the clinical point of view, on the other hand, very little 
attention has been paid to the urocathepsin. Merten (13) found ° 
in his studies a close correlation between uropepsin and uro- 
cathepsin values in normal subjects and in various diseases. 
Baur (2) found notable quantitative differences between the 
both values, but considered the determination of urocathepsin 
to be theoretically and practically better than that of uropepsin. 
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MATERIAL AND METHODS 


The uropepsin and urocathepsin were simultaneously deter- 
minated from 50 healthy subjects, 35 of whom were women and 
15 men, their ages varying between 13 and 74 years, and from 37 
patients suffering from different diseases. 

The uropepsin excretion was determinated according to the 
method introduced by West, Ellis and Scott (19), with urine collect- 
ed over a period of 24 hours. 


Details of the Method. — Twenty-four-hour urine specimens were collect- 
ed in bottles containing 1 cc. of 25 per cent sulfuric acid and were refrig- 
erated, after measuring the total volume. 2 cc. of this urine was measured 
into a test-tube, to which 0.05 cc. of 0.2 per cent aqueous methyl orange 
and 0.1 cc. of 2N HCl were added. The resulting solution should be acid 
to methyl orange, i.e. pH 3 or less. The above volume of hydrochloride 
acid was found sufficient in most cases. If occasionally more HCl was 
required, the final result was corrected for the dilution error. The mixture 
was placed in 37° C waterbath for one hour. In a test-tube were added: 
0.1 cc. of the abovementioned mixture, 0.9 cc. of distilled water, 1.0 cc. 
of pH 4.90 acetate buffer (NaOH 4.2 Gm, glacial acetic acid 9.2 cc., dis- 
_ tilled water to make 100 cc.), and 0.5 cc. of milk-buffer (equal parts of 

fresh homogenized milk and acetate buffer). The test-tube was shaken 
well, the milk-buffer was added last, and at the same time the stopwatch 
was started. The tube was watched every ten seconds and when the mix- 
ture began to caseinisate, the stopwatch was stopped. 

Results are expressed in terms of uropepsin excreted per hour, one 
unit being defined as the number of milliliters of activated urine x 10 
required to give the end point in 100 seconds. This is equivalent to 0.26 
micrograms of crystallized pepsin (Armour). Since the volume of urine 
used in the determination and the time in seconds required to reach the 
end point are logarithmically related, and when so plotted, yield a straight 
line with a slope, y/x, of 1.32, it follows that the units of uropepsin excreted 
per hour may be expressed 
V (2) 


1 
Units/hour = jp xX ~~ ts. 


where v = volume of urine in cc. used in the test, t = seconds required 
to reach the end point, V = total volume of the timed specimen, and 
h = hours during which V was secreted. 

In this experiment the vh = 2.23 and thus the formula can be simpli- 


fied as 
1.32 


wan Vv 100 
Uropepsin excretion rate units/hour = 553 X ( 3 


from which the uropepsin excretion rate can easily be calculated with the 
help of log tables. 
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The urocathepsin excretion was determinated according to 
the method of Buchs (5): 

0.5 Gm of edestin (Hoffmann-La Roche, Basel) was dissolved in 100 
cc. of glycocoll-HCl buffer pH 3.3 (85 cc. 0.1 N glycocoll + 15 cc 0.1 N 
HCl). 5 cc. of this buffer + 1 cc. of the urine to be examined (taken from 
the same sample as for uropepsin determination) were incubated in a 
waterbath by 38°C for one hour simultaneously with a substrate-blank 
(1 cc. of water instead of urine). For the determination of the breaking 
up of the edestin 1 cc. of the substrate-urine was mixed with 8 cc. of 0.5 
per cent gummi-arabicum solution and 1 cc. of 20 per cent sulfosalicylic 
acid. The same procedure was applied to the substrate-blank. The tur- 
bidity caused by the sulfosalicylic acid and stabilized by the gummi- 
arabicum solution was read in E.E.L.-photometer with blue filter. The 
amount of the edestin broken up by the urine was calculated from the 
difference between readings in photometer of the substrate-urine and 
substrate-blank. The urocathepsin activity of the urine was expressed in 
mg:s of edestin, which was broken up by the amount of urine excreted 
in an hour. The determinations were made in triplicate on the same sample 
and the mean was reported. 


The Accuracy of the Urocathepsin Determination Method: When 
checking the accuracy of the method in 15 triplicates, the standard 
deviation of the mean of a triplicate was 2.1 mg edestin/hour. 
This implies that with 95 per cent certainty the real value is be- 
tween the mean of an obtained triplicate + 22.1 mg edestin/ 
hour. 


RESULTS 


In normal subjects the uropepsin values ranged from 3.9 to 
201.4 units/hour, the mean 53.7 + 6.41 units/hour. The urocat- 
hepsin values ranged from 0.0 to 66.0 mg edestin/hour, the mean 
21.0 + 2.41 mg edestin/hour (fig. 1). In different diseases the values 
of uropepsin and urocathepsin are expressed in Table 1. 


DISCUSSION 


Baur (2) found the urocathepsin excretion for a control series 
ranging from 15 to 70 mg edestin/hour. Thus the normal values in 
this experiment approximately agree with those mentioned above. 
The uropepsin and urocathepsin values are not dependant on each 
other, as expressed in Fig. 1. Thus the results of these experiments 
do not agree with the results of Merten (13), who found a close 
correlation between uropepsin and urocathepsin values, and with 





TABLE 1 


UROPEPSIN AND UROCATHEPSIN VALUES OF 37 PATIENTS SUFFERING FROM 


DIFFERENT DISEASES 




















Uropepsin non 
, ‘ Excretion xeretion 
No Age Sex Diagnosis Rate Units/ Rate mg 
Edestin/ 
Hour 
Hour 
1 56 m_ | Gastrectomia totalis 0.0 33.1 
2 61 m » 0.0 9.3 
3 51 m_ | Gastrectomia subtotalis 3.1 11.4 
A 55 m » 1.0 28.5 
5 57 m » 2.5 0.0 
6 44 m » 5.1 39.1 
7 48 m » 5.1 23.7 
8 55 m | St. post. resect. ventriculi 29.0 12.6 
9 36 m » 105.1 10.0 
10 47 m » 53.8 31.0 
11 35 m > 71.8 2.9 
12 53 m » 48.8 32.0 
13 49 m » 134.3 35.0 
14 47 m_ | Carcinoma ventriculi 7.9 4.1 
15 56 f » 7.9 4.1 
16 80 m » 2.1 14.0 
17 56 m_ | Ulcus ventriculi 90.1 7.5 
18 50 f » 27.9 4.9 
19 59 m » 10.7 20.8 
20 76 m_ | Anaemia perniciosa 2.7 0.0 
21 74 m » 3.7 8.6 
22 55 m » 7.2 15.0 
23 43 m | Anaemia perniciosa di- 
phyllobothrica 3.7 1.4 
24 oY m » 15.1 2.9 
25 70 m » 37.0 16.7 
26 56 m » 3.4 31.0 
27 46 m » 96.2 40.8 
28 38 f » 17.9 27.3 
29 48 f Anaemia aplastica 120.0 38.6 
30 17 f Anaemia hypochromica 270.4 51.0 
31 59 m_ | Achylia gastrica 8.3 21.1 
32 16 f Panhypopituitarismus 2.8 17.5 
33 25 f Asthenia universalis. Dys- 
pepsia fermentativa. 
Dystonia neurovegeta- 
tiva. (High emotional 
tension») 42.0 20.3 
34 49 f Climacterium. Stenocardia 
(#High emotional tension») 3.2 46.2 
35 78 m_ | Leucaemia myeloica chron. 4.0 6.2 
36 ay m_ | Pleuritis exsudativa 263.6 45.0 
37 31 f Nephritis chron. Cholecys- 
topathia. Anaemia nor- 
mochromica. LED? 180.3 95.0 
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Fig. 1. — Uropepsin and urocathepsin values in 50 normal cases. 


those of Baur (2), who found an approximately correlation between 
the both values. The activities of the pepsin and cathepsin in 
gastric juice are reported to run quite parallel and cannot be 
separated from each other (5). Uropepsin excretion has been 
considered to be an expression of the peptic activity of the 
stomach cells by many authors (4, 12, 14, 17). If the urocathepsin 
excretion is correspondingly considered to be an expression of 
the activity of the cathepsin producing cells, the discrepancy 
between the uropepsin and urocathepsin values found in this study 
could mean that these two proteolytic enzyme systems could be 
in function independent of each other. This is not the case with 
gastric juice, as reported by Buchs (5). Yet the possible extra- 
ventricular sources of the cathepsin (see farther below) could be 
an explanation of this discrepancy. 
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In the cases of various diseases (Table 1) our attention is drawn 
to the fact, that in cases, in which the uropepsin is very low, the 
urocathepsin can be quite normal. Even in 7 cases of totally or 
subtotally gastrectomies, in which the uropepsin may be 0, the 
urocathepsin was not mainly lowered, except in one case, in which 
it was 0. The source of the urocathepsin in these cases is unknown, 
but it may arise from cells in the lower oesophagus or in the prox- 
imal part of duodenum (5, 15, 17). 

The daily variations of the urocathepsin were considerable. 
E.g. in the cases of totally or subtotally gastrectomies the values 
were at intervals of a few days in Case 2: 9.3, 8.3 and 14.5 mg 
edestin/hour, in Case 3: 11.4 and 13.3 mg edestin/hour, in Case 
4: 28.5 and 40.0 mg edestin/hour, and in Case 6: 39.1, 24.9, 26.0 
and 14.2 mg edestin/hour. These great individually and daily 
variations of urocathepsin values and the fact, that the urocat- 
hepsin according to this investigation shows no regularly changes 
in various diseases, which could be due to the extraventricular 
sources of this enzyme, gives rise to the opinion, that the urocat- 
hepsin determination has no value in diagnostical aspect. 


SUMMARY 


The uropepsin and urocathepsin were simultaneously determi- 
nated from 50 healthy subjects and from 37 patients suffering 
from different diseases. In normal subjects the uropepsin values 
ranged from 3.9 to 201.4 units/hour, the mean 53.7 + 6.41 units/ 
hour, and the urocathepsin values from 0.0 to 66.0 mg edestin/hour, 
the mean 21.0 + 2.41 mg edestin/hour. No dependance of the two 
values on each other was found. In the cases of various diseases 
the values did not depend on each other, either, so that e.g. in 7 
cases of totally or subtotally gastrectomies, in which the uropepsin 
values were very low or 0, the urocathepsin values were mainly 
quite normal, except in one case 0. This could be due to the extra- 
ventricular sources of urocathepsin. As the urocathepsin shows 
no regular changes in various diseases, it seems to have no value 
in diagnostical aspect. 
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In various investigations it has been proved that chemical 
agents of the similar activity as those which during gastrulation cause 
the differentiation of neural and mesodermal tissues also occur in 
adult tissues (1, 5, 10). The capacity to induce structures of the 
different germ layers differs in the various organs of one and the 
same individual, and it has been established that some organ tissues 
almost solely induce neural structures, whilst the effect of others 
is mainly mesodermalizing (10, 11). Since previous experiments 
had shown that practically all the tissues investigated contain 
inductive agents, it seemed to be of interest to ascertain whether 
these agents also occur in soluble form in the tissue fluids or whether 
they are associated with the tissue stroma alone. With this end in 
view, it was natural to choose the blood and its constituents for in- 
vestigation. It also seemed that such a study might reveal to what 
extent the specific inductive capacity of the tissues is influenced by 
the presence of blood. Therefore, a study was made of the inductive 
action of implants, prepared from blood by various methods. 


METHODS 


The technique used for implantation, rearing of the host animals, 
fixation, serial sectioning and staining have previously been de- 
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scribed in various contexts (13). Implants were prepared from blood 
by the following methods (the figures indicate the number of 
gastrulae operated upon which survived until the proper age for 
fixation): 





I. The implant consisted of both blood cells and: serum. 
Total 164 cases 


The implants were prepared by one of the follow- 
ing methods: 
a) Fresh guinea-pig blood was centrifuged and 
the coagulum was treated with 70 per cent 
a eg VERE ote eee Se ee 43 cases 
b’) Citrated blood of guinea-pig was coagulated 
with CaCl,. Aftertreatment with 70 per cent 





eg Ee er ST ae 26 cases 
b”) Citrated human blood was coagulated with 
CaCl,. Aftertreatment as described above .. 41 cases 


c) Citrated ORh-positive human blood was centri- 
fuged, the plasma was separated, and the D- 
4) factor of the centrifuged ORh-positive cells 
| was inhibited with incomplete anti-D globulins. 
After several washings, the cells were returned 
} to the original plasma, which was coagulated 
{ with CaCl, and aftertreated as described above. 46 cases 


d) The D-factor of ORh-positive cells centrifuged 
from citrated human blood was inhibited with 
incomplete anti-D globulins, and the washed 
cells were haemolyzed with distilled water. The 
centrifuged mass of red cells stroma was re- 
turned to the original plasma and coagulated 


with CaCl,. Aftertreatment as described above. 8 cases 
II. The implant consisted of plasma. ........ Total 144 cases 


a) Guinea-pig blood was centrifuged immediately 
after collection, and the plasma coagulum was 
removed and treated with 70 per cent ethanol. 37 cases 

b’) Guinea-pig plasma was separated from citrated 
blood and coagulated with CaCl,. Aftertreat- 
a oles eo et re eee 


75 cases 
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b”) The plasma separated from citrated human 
blood was coagulated with CaCl, and after- 
treated as above 


ooeere eer ere ere ee eee ere ere eene 


III. The implantation material was prepared from 
human serum, precipitated at —18°C. with 70 per 
cent ethanol. The precipitate was washed several 


times in distilled water and implanted as such .... 


RESULTS 
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32 cases 


28 cases 


A total of 336 gastrulae were successfully operated upon and 
reared. In 52 of these (15.5 per cent), inductions were observed. The 
implant was recognizable in a total of 201 cases. Thus, the implant 
was very often still demonstrable in cases where no structures had 
been induced. The distribution of inductions among the series 
performed with differently prepared implants is shown in Table 1. 































































































TABLE 1 
En du ction 
Head Trunk and Tail 
Formations Formations 
ae Un- 
SiSié Neural Mesodermal ial 
9 [3 |= specific 
No. of Cases 3 3 | 8 : : = 15 
ElElle] | jeisislé 2l/SlElatlslslz 
bt S| 1D |" jm | 2 on a SIE SlSi8\> 
BOS 21k) s\Plclsg EieleeisiCls 
Alm o|8/2i5\— = se\3 o/5 EISi/e 
oA ilell-4 olSlaamle la! § 
6) (“(SlSleals SPiSisis Slonie 
gs) "|eigigis) ("A \Z/e |e 3/88 \3 
| |) a | hee Abel 
| | BeBe Sa. 
* Ia) 43 | 19 | Jee. 
b’) 26 | 17/1 | 1 | | 
bo”) 4 (46 74——|'4) 6.8) Se et — | 1 
c) 46 | 38/10|—} 1) 2| 1 a 2,— |-——| — |} 1 
d) 8 | 64 |\—|— ‘Sa 2) — |——| — } 14 
total 164 |104/22/—| 1| 2| 2/15| 3} 3—| 7} 1 |—\—-| — | 2) 1 
II. a) 37 | 28) 4|— } | | 2) 4) — | 2) 2) —] 2) 1 
b’) 75 | 21 i 3.y 1) 4) 4] 4 1] 1}4) 42) 1j— 
b”) 32 | 25/11/—) 2] 1| 3) 2/ 1/ 1] 3] 8 2/11 —]2\1 
total 144 | 74/24/—| 3] 1| 5) 3) 2) 2| 6|13| 3 | 4) 4; 1] 5] 2 
III. total 28 | 23] 6|—| 1| 1) 1|—| 1) 1) 2} 5) — | 1J—-/ —|-/1 
Total 336 |201|52|—| 5| 4| 8/18) 6| 6| 8:25) 4 | 5) 4{ 11 7| 4 

















* For detailed explanations, see ’Methcds’ in the text. 
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Fig. 2. 


Figs. 1 and 2. — Micrographs showing two larvae implanted with guinea pig 

plasma coagula. Induced structures are seen in the ventral part of abdominal 

wall. Fig. 1 shows secondary neural structures (hindbrain and ear vesicle), 

fig. 2 shows supernumerary mesodermal structures (notochord, myotomes 
and a renal tubule.) 
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It is seen that inductions occurred to some extent in all groups, 
being most numerous in the groups where whole blood coagula 
were implanted (20 per cent). The induced structures were mostly 
slight, neuro-epidermal or mesodermal formations, such as balancers 
and tail folds. Neural and mesodermal inductions occurred in the 
plasma coagulum experiments, where a few myotomes and noto- 
chords were also encountered (Figs. 1 and 2). An interesting ob- 
servation was that induction, although weak, also occurred in the 
experiments where serum precipitates were implanted, tail folds 
being the most frequent structures induced. In all experiments, there 
were numerous cases in which the implant had not caused any induc- 
tion, but in these it was frequently found that the ventral epidermis 
had reacted strongly by proliferation. 


DISCUSSION 


Certain recent experiments have suggested that the blood and 
its constituents contain agents which cause embryonic differentia- 
tion. In implantation experiments with guinea-pig liver treated 
with rabbit resum, Vainio (13) observed that mesodermal structures 
were induced in abundance. Untreated guinea-pig liver tissue 
induces mesodermal formations only to a very limited extent (12). 
In addition, Saxén and Toivonen (9) in implantation experiments 
observed that HeLa cells grown in active serum caused strong 
mesodermalizations, whereas HeLa cells cultured in serum in- 
activated by heating induced mainly neural structures. If cells of 
the latter line were placed for some days in active serum, they 
acquired equally obvious mesodermalizing properties as HeLa cells 
cultured throughout in active serum. These observations seem to 
suggest that an implant treated with serum, or cells grown in 
active serum, either actively or passively acquire from the serum 
agents which cause mesodermalization in implantation experiments. 

The results here presented seem to indicate that the blood 
contains agents which induce mesodermal structures when in direct 
contact with the reactive material. This property, which was 
demonstrable in many implants prepared from blood or blood consti- 
tuents as described in the foregoing, was not strongly manifested. 
It is possible that the ethanol treatment to which the implants had 
been subjected, affected the activity of the mesodermalizing agents 
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more strongly in the present experiments than the same treatment 
affected the mesodermal factor in earlier investigations with tissue 
implants (2). Other explanation could be that in the tissues, the 
substances actively absorbed from the blood by the cells are accu- 
mulated, and therefore the mesodermal factor is capable of stronger 
manifestations than in the blood. Obviously, the methods for 
preparation of the implants were not in other respects, either, 
adequate for the demonstration of the labile mesodermal inductor. 

Previously it was generally believed that direct contact between 
the active and the reactive tissue was necessary if induction was 
to take place. This view has lately been criticized. It has been 
observed that the different fractions of the inductor tissues cause 
inductions (7, 14), and Niu (8) was able to show that after careful 
removal of an inductor tissue from a saline solution, there remain 
in the latter active agents capable of inducing both neural and 
mesodermal structures in reactive material placed in the solution. 
The assumption that the agents causing differentiation are soluble 
is corroborated by Grobstein’s observations of the trans-filter 
differentiative interaction of tissues (3) and of the differentiation of 
implants freely floating in the anterior eye chamber (4). 

In the present experiments inductions were observed to some 
extent when ethanol precipitates of serum were implanted, and in 
larger number when plasma coagula were used as implants. These 
observations also substantiate the view that the inductor substance 
in the adult organism is not bound solely to the tissue cells, but also 
occurs in soluble and active form in the blood. The question of 
how this agent in the blood could be more definitely demonstrated 
and which fraction of the serum mainly carries this kind of activity 
is both important and interesting. The diffuse distribution of the 
inductive action both in tissue fractionation experiments (7) and 
between the different groups of implants in this investigation 
suggests the possibility that molecules of different structure are 
responsible for the same type of induction. 

The toxicity of the material used for implantation in these 
experiments is indicated by the strong reaction of the epidermis 
observed in many cases where the implant had not caused any 
induction. It may be asked whether the development of neural 
inductions was in part due to cytolysis of the cells of the reactive 
material (6). The present results do not rule out this possibility, 
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but the fact that the implant was often observed in the middle of 
intensely proliferating epidermis even though no neural inductions 
could be distinguished seems to suggest that unspecific neuraliza- 
tion due to cell damage did not occur in the present experiments, 
or not, at least, to any appreciable degree. In addition, it should 
be borne in mind that mesodermal inductions, which in the present 
experiments were more numerous than neural structures, have not 
been reported after cytolysis of the ectoderm. 


SUMMARY 


The inductive capacity of implants prepared from whole blood, 
blood plasma and serum was investigated in implantation experi- 
ments with Triturus vulgaris gastrulae as host animals. The variously 
prepared implants were found to induce neural and mesodermal 
structures. The conclusion is drawn that the blood contains an 
agent or agents which induce such formations when brought into 
contact with reactive material. 

The observation that implants prepared from plasma and serum 
acted as both neural and mesodermal inductors was regarded as 
corroborating the assumption that direct contact between the 
tissues is not necessary for the process of induction and that the 
inductive agents also occur in soluble form. 
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AUS DER II UNIVERSITATS-FRAUENKLINIK ZU HELSINKI 


UBER DEN BRENZTRAUBENSAUREGEHALT IM BLUT 
BEI TOXAEMIE UND HYPEREMESIS GRAVIDARUM SOWIE 
- DIE EINWIRKUNG DER COCARBOXYLASE. 


von 
OLOF WIDHOLM und PENTTI A. JARVINEN 


(Bei der Schriftleitung eingegangen am 19. April, 1958) 


Im intermedidren Stoffwechsel hat die Brenztraubensdure 
ihre eigene spezielle Bedeutung, weil sie tiber verschiedene Zwischen- 
stufen zuvérderst aus den Kohlehydraten, aber auch aus Fetten 
und Proteinen entstehen kann. In der Hauptsache entsteht sie 
beim Kohlehydratstoffwechsel. Unter normalen Umstanden zer- 
fallt die Brenztraubenséure durch Fermentwirkung zu Milch- 
oder Essigsdure oder wird in Oxal-Essigséure umgewandelt. Wenn 
der Zerfall der Brenztraubensaure nur teilweise vor sich geht oder 
vollig ausbleibt, entsteht eine endogene Hyperpyruviaemie, die 
laut der Literatur bei verschiedenen acidotischen Zustanden ange- 
troffen wird (16). Beim Zerfall der Brenztraubensdure spielt das 
B,-Vitamin oder Aneurin eine wichtige enzymatische Rolle. 

Den normalen Brenztraubensduregehalt im Blut geben die 
verschiedenen Autoren folgendermassen an: Bueding u. Mitarb. (3) 
1.02 mg%, Davis und Bauer (5) 0.50—1.30 mg%, Friedemann u. 
Mitarb. (8) 0.6—0.95 mg%, Klein (11) 0.76 mg%, Lotte (15) 0.7— 
1.1mg%, Markees und Meyer (19) 0.74—0.81 mg%, Platt und Lu (21) 
0.5 mg% sowie Wortis u. Mitarb. (25) 0.96 mg%. Die Schwan- 
kungen der Werte sind offenbar wenigstens teilweise durch das 
jeweils angewandte Messungsverfahren bedingt. Kaser und Mar- 
kees (14) haben beobachtet, dass der Brenztraubensduregehalt des 
Blutes nach der 20. Schwangerschaftswoche etwas ansteigt, und 
nach Markees u. Mitarb. (18) ware der normale Brenztrauben- 
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sdiurewert im Blut zwischen 0.7 und 1.0 mg% bei einem Mittelwert 
von 0.8 mg%, wahrend wiederum nach der 20. Schwangerschafts- 
woche die Werte zwischen 0.8 und 1.6 mg schwanken, wobei 
der Mittelwert 1.3 mg% betragt. In einer spateren, auf einem grésse- 
ren Material beruhenden Untersuchung hat Kaser (13) festgestellt, 
dass die Werte gegen Ende der Schwangerschaft zwischen 0.4 und 
1.6 mg% schwankten, woraus sich ein Mittelwert von 1.12 mg% 
ergab. 

Da beobachtet worden ist, dass das B,-Vitamin bei der Zer- 
setzung der Brenztraubensdure eine wichtige Rolle spielt, hat man 
begonnen, dieses Vitamin bei Zustanden mit hoher Brenztrauben- 
sdurekonzentration anzuwenden. In der Obstetrik sind derartige 
Zustande die Hyperemesis gravidarum und die Toxaemie. Dabei 
hat man die Beobachtung gemacht, dass Aneurin-Pyrophosphat 
(Cocarboxylase) noch wirksamer ist als das Aneurin. 


EIGENE UNTERSUCHUNGEN 


Unsere Arbeit hatte den Zweck, den Brenztraubensduregehalt 
im Blut bei verschiedenen Graden der Toxaemie sowie den Einfluss 
der Cocarboxylase hierauf zu untersuchen. Auch 6 Falle von Hype- 
remesis gravidarum sind in unserem Material enthalten. Die Be- 
stimmungen haben wir nach der von Markees (17) beschriebenen 
Methode durchgefiihrt. Der methodische Fehler war unseren Beo- 
bachtungen gemass unter 10%. 

Unser Kontrollmaterial, das nicht-gravide Frauen verschiedenen 
Alters aus der Poliklinik der Frauenklinik, gesunde Gravide im letzten 
Drittel der Schwangerschaft sowie gesunde Wochnerinnen héchstens 
12 Stunden post partum enthalt, ist in der Tabelle 1 zusammen- 


TABELLE 1 


VERGLEICHSMATERIAL 























Anzahl d. | Mittelwert bpm 
a5 ie) 
Falle mg% mg % 
Nicht-gravide Frauen ...... 59 0.93 0.50—1.65 
Gesunde Gravide gegen Ende 
der Schwangerschaft ...... 20 1.28 0.90—1.80 
Gesunde Wochnerinnen bald 
DOS DELON: 266 5)s sits 11 2.23 1.40—3.20 
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gestellt. Wie daraus hervorgeht, sind unsere Werte durchweg etwas 
héher als die in der Literatur mitgeteilten, insbesondere die das 
Normalmaterial betreffenden. Auch fallt die grosse Variabilitat 
der Werte auf. Die nach Normalgeburten erhaltenen Werte sind 
héchstens 12 Stunden post partum genommen worden. 

Die bei Hyperemesis gravidarum und bei Patientinnen mit 
verschiedengradiger Toxaemie erhaltenen Werte sind aus der 
Tabelle 2 ersichtlich. In dieser Tabelle sind die Werte vor und nach 
fiinftagiger Cocarboxylase-Behandlung wiedergegeben. Das _ver- 





























TABELLE 2 
$$ 
| Vor d. Behandlung Nach d. Behandlung 
mit Cocarboxylase mit Cocarboxylase 
Anzahl d. 
Palle Mittelwert rooney Mittelwert brine ng 
eb , ‘ 
mg % mg % mg % mg% 
Hyperemesis gravi- 
| 6 1.65 1.1 —2.2 1.73 0.75—2.65 / 
Proteinurie ...... 16 1.35 0.75—2.0 1.30 0.90—2.05 
Nephropathie .... 19 1.44 0.95—2.30 1.33 0.90—1.60 
Praieclampsie ...... 8 2.10 1.35—2.80 0.98 0.80—1.30 | 
Eclampsie ...:.... 6 2.37 2.20—2.50 1.05 0.80—1.20 











abreichte Praparat war Berolase (Hoffmann-La Roche & Co. A. G.), 
von welchem 100 mg pro Tag intravenés injiziert wurden. Wie 
aus der Tabelle hervorgeht, setzt die Cocarboxylase-Behandlung 
den Brenztraubensduregehalt umso effektiver herab, je schwerer 
die Toxaemie ist. In den Fallen von Préeclampsie und Eclampsie, 
in denen die Anoxaemie am gréssten und auch der Brenztrauben- 
sduregehalt im Blut am héchsten ist, hat die Cocarboxylase die 
starkste Wirkung. Im subjektiven Befinden der Patientinnen liess 
sich deutlich eine Besserung wahrnehmen, wohingegen wir aber 
weder Zunahme der Diurese, Abnahme des Proteins noch Absinken 
des Blutdrucks feststellen konnten. Unsere Eclampsie-Patientinnen 
gebaren alle mit einer einzigen Ausnahme ein lebendes Kind, und 
ausser mit Cocarboxylase wurden sie auch sonst noch behandelt. Von 
unseren Eclampsie-Fallen hatten sich 4 ziemlich rapide entwickelt, 
und in 2 Fallen handelte es sich um Eclampsia post partum, die beide 
nur je einen Anfall gehabt hatten. Die Proben fiir die Untersuchung 
waren 14,—2 Stunden nach den Krampfen genommen worden. 
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2.65 / 
2.05 
1.60 
1.30 | 
1.20, 
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Bei unseren Patientinnen mit Hyperemesis gravidarum konnten 
wir nach der Verabreichung von Cocarboxylase kein Absinken des 
Brenztraubensduregehalts wahrnehmen, mit Ausnahme von einem 
Falle (vor der Behandlung 1.50 mg®% und nach der Behandlung 
0.75 mg%), bei welchem auch klinisch eine Besserung zu beobachten 
war. Bei den iibrigen fiinf hingegen stiegen die Brenztraubensdure- 
werte wahrend der Behandlung noch an, und es konnte auch keine 
klinische Wirkung festgestellt werden. Von den Proteinurie-Pa- 
tientinnen wurde bei 4 wahrend der Behandlung eine deutliche 
Herabminderung des Brenztraubensduregehalts konstatiert, bei 
desgleichen 4 blieben die Werte unverdndert, und bei 8 stiegen 
die Werte trotz der Behandlung an. In der Gruppe der an Nephro- 
pathie leidenden Frauen sanken die Werte in 11 Fallen, unveran- 
dert blieben sie in 2, wahrend in 6 Fallen die Werte einen leichten 
Anstieg aufwiesen. Von den 8 Patientinnen mit Préaeclampsie nahm 
der Brenztraubensduregehalt wahrend der Cocarboxylasebe- 
handlung bei 7 ab und blieb bei einer unverandert. In der Eclampsie- 
gruppe sanken die Werte bei allen mit Cocarboxylase behandelten 
Patientinnen ab. 

Die mathematische Behandlung unserer Ergebnisse zeigt, dass 
die Differenzen nur in der Pradeclampsie- und Eclampsiegruppe 
sowohl hinsichtlich der absoluten Hohe der Werte als auch in 
Bezug auf die Wirkung der Cocarboxylase mathematisch signifi- 
kant sind. In den iibrigen Gruppen besitzen die Unterschiede wegen 
der grossen Streuung keine mathematische Signifikanz. 


BESPRECHUNG 


Eine wahrend der Schwangerschaft festgestellte Hyperpyru- 
viaemie kann zweierlei Bedeutung haben. Erstens einmal kann sie 
ein Indikator fiir Stérungen des intermediaren Stoffwechsels sein, 
oder man kénnte sich zweitens denken, dass die Brenztraubensaure 
allein oder zusammen mit anderen organischen Sduren gewisse 
klinische Symptome hervorruft, wie in Untersuchungen iiber das 
diabetische Coma beim Menschen und in Tierversuchen auch nach- 
gewiesen worden ist (s. Kaser 13). 

Bei normalen Schwangerschaften haben wir, wie auch die frii- 
heren Autoren (13, 14, 18), etwas erhohte Werte feststellen kénnen. 
Man vermutet, dass dieser Anstieg durch die Belastung des Stoff- 





296 OLOF WIDHOLM UND PENTTI A. JARVINEN 


wechsels, welche die Schwangerschaft fiir den Organismus, zuvér- 
derst fiir die Leber bedeutet, bedingt ist (13, 18). Auf diesem Wege 
soll eine gewisse Acidoseneigung entstehen, wobei eben die Brenz- 
traubensdure eine wichtige Rolle spielt. Man hat auch feststellen 
kénnen, dass die Ketonkérper (Aceton, Acetessigsdure, B -Oxy- 
butterséure) gegen Ende der Schwangerschaft und wahrend der 
Geburt zunehmen. Wahrend der Schwangerschaft ist auch der 
Cortisongehalt im Blut erhéht, und auch das Cortison fiihrt, wie 
festgestellt worden ist, zu einer Vermehrung der Brenztrauben- 
sdure (10), so dass die am Ende der Schwangerschaft beobachtete 
Zunahme des Brenztraubensduregehalts sich auch auf diesem 
Wege erklaren lassen diirfte. 

Die unmittelbar post partum festgestellten hohen Brenztrau- 
bensdurewerte stehen u. E. mit der Muskelarbeit in Zusammenhang. 
Man hat beobachten kénnen (2, 7), dass wahrend der Muskelarbeit 
sowohl der Milchsdure- als auch der Brenztraubensduregehalt 
im Blut ansteigt, da der lokale oder allgemeine Kreislauf dem Mus- 
kel nicht geniigend Sauerstoff zuzufiihren vermag. Der Muskel 
arbeitet dann anaerob und bringt in standig wachsendem Masse 
Glykolyseprodukte in den Kreislauf. Nach Asmussen (2), der ver- 
mehrte Entstehung von Brenztraubensdure nach beendigter Arbeit 
festgestellt hat, entsteht diese Brenztraubensdure durch oxydativen 
Zerfall von Milchsdure. Nach der Entbindung hat u.a. Tallqvist (23) 
hohe Brenztraubensdurewerte beobachtet, wohingegen Gonzales 
und Gardner (9) keine héheren Brenztraubensdurekonzentrationen 
post partum feststellen konnten. Diesen Umstand erklaren sie so, 
dass die europdischen Frauen sowohl mit der Nahrung als auch 
sonst bei der prophylaktischen Behandlung wahrend der Schwanger- 
schaft weniger B-Vitamine bekommen als die amerikanischen, 
und gerade auf diese reichliche Zufuhr von B-Vitaminen soll es 
zuriickzufiihren sein, dass man bei den amerikanischen Frauen 
auch post partum keinen erhdhten Brenztraubensduregehalt im 
Blut antrifft. 

Bei den leichteren Formen der Toxaemie ist der Brenztrauben- 
sduregehalt im Vergleich zum Normalmaterial so wenig erhoht, 
dass der Unterschied nicht als signifikant gelten kann. Bei den 
schwereren Formen hingegen (Praéeclampsie und Eclampsie) ist 
er deutlich gestiegen. Wenn man unsere einzelnen Falle betrachtet, 
so kommt man zu der gleichen Schlussfolgerung wie Kaser (13), 
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dass namlich der Brenztraubensduregehalt umso mehr steigt, je 
schwerer die Krankheitssymptome sind. Zwischen diesen beiden 
Umstanden scheint ein deutlicher Parallelismus zu bestehen. Die 
Eclampsiewerte sind weitgehend davon abhangig, wie bald nach 
dem Anfall die Proben genommen worden sind, denn der Brenz- 
traubensduregehalt des Blutes sinkt nach dem eclamptischen An- 
fall sehr rasch auch dann, wenn die Patientin nicht mit speziellen, 
brenztraubensdurezersetzenden Mitteln behandelt worden ist (14). 
Aus diesem Grunde konnten wir keine so hohen Werte feststellen 
wie Markees u. Mitarb. (18), die sogar Titer von 6.1 mg%, mitteilen. 
In unserem Material war der héchste Titer 2.50 mg%. 

Mit der Cocarboxylasebehandlung (Aneurin-Pyrophosphat), 
namlich der intravenésen Injektion von 100 mg taglich an fiinf 
aufeinanderfolgenden Tagen, haben wir weder bei Hyperemesis 
gravidarum noch bei den leichteren Formen der Toxaemie mathe- 
matisch signifikante Titerunterschiede erzielt. Krafft (12) berichtet 
iiber einen Fall von schwerer Hyperemesis, bei welchem die Cocar- 
boxylase guten Erfolg hatte. Auch in unserem Material ist ein 
derartiger Fall enthalten, aber bei den fiinf iibrigen Patientinnen 
konnten wir keine Verminderung des Brenztraubensduretiters 
nachweisen, und ebensowenig liess sich klinisch eine Besserung 
des Zustandes wahrnehmen. Die Hyperemesis gravidarum, deren 
Atiologie ja sehr mannigfaltig ist, hat offenbar auch Krankheits- 
formen, bei denen man mit einer derartigen Behandlung gute Resul- 
tate erzielen kann, und die sich mit Hilfe von Bestimmungen des 
Benztraubensduregehalts im Blut verfolgen lassen. In unserem 
Material fallen die verhaltnismassig hohen Brenztraubensdurewerte 
auf, welchen Umstand bereits im Jahre 1940 Carlstrém und Sjé- 
gren (4) beobachtet haben. Es ist auch nicht unmdglich, dass in 
denjenigen Fallen von Hyperemesis gravidarum, in denen wir 
keinen Erfolg gehabt haben, die verabreichten Dosen zu klein 
gewesen sind. 

Bei der Praeclampsie erzielten wir hinsichtlich des Brenztrau- 
bensduregehalts recht giinstige Resultate, aber in klinischem Sinne 
konnten wir abgesehen von der Hebung des subjektiven Befindens 
im Krankheitsverlauf keine objektive Besserung feststellen, denn 
weder auf den Blutdruck noch auf die Diurese und die Proteinurie 
wirkte die Behandlung sich giinstig aus. Manche Autoren (6, 24) 
sind zu ahnlichen Resultaten gekommen, es ist aber auch giinstige 
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Einwirkung der Cocarboxylasebehandlung auf die Diurese und die 
Proteinurie beobachtet worden (1). Andererseits haben zahlreiche 
Forscher festgestellt, dass diese Behandlung sich bei Eclampsie 
und posteclamptischem Coma vorteilhaft auswirkt (13, 20, 22). 
Das Krankheitsbild der Eclampsie ist solcherart, dass sich der 
Einfluss eines Arzneimittels schwer beurteilen lasst, aber unserer 
Auffassung gemass kann die Wirkung der Cocarboxylase als giinstig 
angesehen werden, insbesondere was die Anzahl der Krampfanfialle 
(nach der Verabreichung von Cocarboxylase hat keine einzige von 
unseren Patientinnen mehr Krampfe bekommen) und die Dauer 
des posteclamptischen Comas anbelangt. 

Auf Grund unserer bei der vorliegenden Untersuchung gewonne- 
nen Erfahrungen méchten wir den bei schwereren Formen der 
Toxaemie anzutreffenden, relativ hohen Brenztraubensdéuregehalt 
des Blutes als einen Indikator fiir gestérten intermedidren Stoff- 
wechsel und die Cocarboxylase als einen brauchbaren Beitrag zu 
unseren Arzneimitteln fiir die Toxaemiebehandlung ansehen. 


ZUSAMMENFASSUNG 


Die Verfassern haben den Brenztraubensauregehalt im Blut 
wahrend der Schwangerschaft untersucht und festgestellt, dass 
derselbe gegen Ende der Graviditat etwas erhoht ist. Hohe Brenz- 
traubensdurewerte werden bei normalen Gebdrenden post partum 
beobachtet. 

Ferner ist die Wirkung von Aneurin-Pyrophosphat (Cocar- 
boxylase) bei Hyperemesis gravidarum sowie bei den verschieden- 
gradigen Formen der Schwangerschaftstoxaemie untersucht worden. 
Dabei wurde beobachtet, dass die Brenztraubensdurewerte im 
Blut bei der Hyperemesis gravidarum sowie bei den schwereren 
Formen der Toxaemie (Praeclampsie, Eclampsie) mathematisch 
signifikant erhéht waren. Bei der Hyperemesis gravidarum st‘7i 
die Cocarboxylase die Brenztraubensdurewerte nicht so herab, 
wie es bei den schwereren Formen der Toxaemie beobachtet werden 
konnte. Schliesslich besprechen die Verfasser die Bedeutung der 
Cocarboxylase in der Behandlung dieser Krankheitszustande. 

Der Arzneimittelfabrik Hoffmann-La Roche & Co. A. G. danken 
die Autoren bestens fiir die ihnen gewadhrte Unterstiitzung. 
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THE CLINICAL SIGNIFICANCE OF SERUM TRANSAMINASE 
DETERMINATIONS 


by 
P. J. KOSKINEN and L. E. ANTILA 
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Since LaDue and his associates first reported their observation 
in 1954 (7), a great deal of attention has been devoted to serum 
transaminase changes, especially to the increase in glutamic 
oxalacetic transaminase (SGOT) in myocardial infarction. Serum 
glutamic pyruvic transaminase (SGPT) determinations have been 
less frequently used. It has been found that in myocardial infarction 
the SGPT rises more rarely and to a smaller extent than the SGOT 
(4, 7, 10, 16). In some hepatic and biliary tract diseases, on the 
other hand, a considerable increase in SGPT has been demonstrated 
(e.g. 2, 4, 16). It is an acknowledged fact that these enzymatic 
reactions are not specific to heart and hepatic diseases but, when 
correctly interpreted, they are of a certain value for clinical 
diagnosis. 

In the present investigation the serum transaminase activity 
was observed in different morbid conditions, and an endeavour 
was made to elucidate the diagnostic significance of parallel SGOT 
and SGPT determinations. 


MATERIAL 


The writers’ series was collected from patients treated during 
1957 at the Medical and Surgical Department of the Regional 
Hospital of Central Finland. It was distributed into the following 
groups: 
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Myocardial infarction .......... 45 patients 
Acute coronary insufficiency .... 16 > 
Other heart diseases ............ 18 » 
Wee ONIN oie sictcicscuws 11 » 
PD, SEF den viewwenntees 10 » 
Biliary obstruction ............ 24 » 
Other hepatic diseases .......... 15 » 
MISCCHAMCOUS CASES. . 2. 0.605 se. 45 » 





Total 184 patients 


METHOD 


SGOT and SGPT were determined by the method reported in 
Technical Bulletin 505 of the Sigma Chemical Company. According 
to the company, this method is equal as regards accuracy and 
normal values to the well-known method of Karmen ef al. (6). 
The readings were taken by Coleman junior spectrophotometer 
with a light filter in the range 505 my. 

The normal values given in the literature are up to 40 units/ml. 
for SGOT (3, 14) and up to 30 units/ml. for SGPT (15). In the writ- 
ers’ own control series, consisting of 14 normal persons, the SGOT 
and SGPT levels agreed with the above values. 


RESULTS 
Myocardial Infarction 


The group consisted of 45 patients,|35 men and 10 women. Changes 
characteristic of fresh myocardial infarction were established by 
electrocardiography in all these patients after severe chest pain; 
both sedimentation rate and temperature rose. They were hos- 
pitalised for a minimum of 3 weeks. In hospital the disease ended 
fatally in five of the cases. 

SGOT was determined for 45 and SGPT for 21 patients. For 
the sake of comparison, 34 patients were also examined for 
C-reactive protein. SGOT was under 40 units in 12 out of 45 cases; 
omitting cases in which the blood samples were not taken until 
3 or more days after the occurrence of the infarction leaves only 
4 cases. SGPT was under 30 units in 7 out of the 21 cases. In all 
these infraction cases over 3 days had elapsed from the onset of the 
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before the sample was taken. The series included one case where 
SGOT was clearly elevated (240 units) while SGPT was normal 
(23 units). On the other hand, an elevated SGPT level (65 units) 
was established in one case in which SGOT was normal (33 units), 
The occurrence of each transaminase was in general uniform but 
SGOT showed a much more distinct rise than SGPT. In the five 
fatal cases the SGOT levels (samples were taken 4—11 days after 
the infarction) were 57, 87, 140, 250 and 260 units. 

C-reactive protein was negative in only 4 of the 34 cases. The 
C-reactive protein was determined in 9 of the 12 cases in which 
SGOT did not exceed 40 units; it was positive in 6 cases. 


Acute Coronary Insufficiency 


SGOT was determined for 16 coronary insufficiency patients 
who had had severe anginal pain either at the moment of exami- 
nation or a couple of days previously. SGPT was determined simul- 
taneously in 5 of the cases. C-reactive protein was examined in 
8 cases. None of the patients showed an above-normal transaminase 
level (the range for SGOT was 11—28 units and for SGPT 15—29 
units). The C-reactive protein on the other hand was slightly positive 
in 4 cases. 


Other Heart Diseases 


SGOT was slightly above-normal (52 units) in one of 5 cardiac 
insufficiency patients. This patient had severe pulmonary edema 
from which he recovered rapidly. The transaminase values (SGOT: 
65 units, SGPT: 40 units) were elevated in one of 8 cases of arrythmia 
and disturbed conduction. Of the two cases of rheumatic fever, 
one showed elevated transaminase values (SGOT: 64 units, SGPT: 
69 units). In one fatal case of endocarditis lenta SGOT was 100 
units. Normal SGOT values were obtained for two symptomless 
cases of rheumatic mitral-valve disease. 


Virus Hepatitis 


SGOT was determined for 11 and SGPT for 9 patients. All 
of them showed a considerable elevation of transaminase. The 
SGPT level was higher than the SGOT in 7 cases. The contrary 
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Fig. 1. — The transaminase values in myocardial infarction and in diseases of 
the liver and biliary tract. The upper limit of the normal value is indicated 
by the —— line. 


finding was made in only two cases. In two patients the trans- 
aminase values were still high more than a month from the onset 
of the disease. Meulengracht’s icteric index had returned to normal. 
The mean icteric index of the group was 1: 54. 


Cholelithiasis and Biliary Obstruction 


SGOT was determined in 10 cases of cholelithiasis with no 
symptoms of biliary obstruction and in 24 cases with an acute 
biliary obstruction. (In 16 patients the obstruction was calculi, 
in 2 a post-operative bile duct lesion, in 2 cancer of the bile duct, 
in 2 acute pancreatitis and in 2 cancer of the pancreas.) In the 
cases without obstruction all the values were in the normal range 
(8—35 units); elevated levels were established in the latter group 
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in 19 cases (47—440 units). SGPT in 4 uncomplicated cholelithiasis 
cases was normal (6—30 units). In all the cases of biliary obstruction 
(totalling 16) the SGPT values were elevated (45—580 units), 
In 14 cases they were higher than the corresponding SGOT levels, 
Attention is drawn to the pronounced increase in the SGPT values 
of 4 cases in which SGOT was normal. The icteric index was normal 
in 3 of the cases (1:5) but was distinctly elevated in the others, 
maximum 1:90. There was no direct correlation between the in- 
crease in transaminase activity and the icteric index. 


Other Hepatic Diseases 


Elevated SGOT values were demonstrated in 10 out of 15 cases 
of hepatic involvement (4 metastatic carcinoma, 4 polycystic 
degenerations, 6 cirrhoses and 1 case of septic damage to the liver 
due to osteomyelitis). SGPT was measured in 13 cases; it was above- 
normal in 9. In 7 out of 8 cases the SGOT was higher than the 
SGPT value. The same observation was made in protracted icteric 
obstruction. The transaminase rise (SGOT maximum: 120 units; 
SGPT maximum: 127 units) was smaller in these cases of chronic 
liver damage than in the cases of virus hepatitis and acute biliary 
obstruction. 


MISCELLANEOUS CASES 


Malignant Tumours. — SGOT was determined in 14 cases of 
carcinoma in which no liver metastases wer edemonstrated either 
operatively or clinically. In 12 of these cases SGPT was also deter- 
mined. The SGOT values were slightly elevated in two cases (47 
and 49 units). The SGPT value was above-normal in one case of 
cardial carcinoma (58 units). 

Severe Infection or Muscle Necrosis. — Serum transaminases 
were determined in 6 cases of infections in which no sign of hepatic 
damage were demonstrable (1 peritonitis, 1 gangrenous gall-bladder 
inflammation, 1 tuberculous osteitis and 3 perforating appendicites). 
SGOT was under 40 units in one case only (range 37—52 units). 
SGPT was under 30 units in 4 cases (range 20—80 units). The 
SGOT values were high (91 and 115 units) in two cases of arterial 
embolism with necrosis of the limb (iliac artery, brachial artery). 
SGPT values were only slightly elevated in these cases (32 and 
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48 units). In a patient with extensive contusion of the femoral 
muscle the SGOT value was 96 units and the SGPT level normal 
(11 units). 

Pulmonary Infarction. — A total of 5 cases was examined. 
There was no clear elevation in the transaminase value in a single 
case. C-creative protein was determined in 2 cases and was highly 
positive in both cases. 

Bleeding Ulcer. — SGOT and SGPT were determined in 5 cases 
of bleeding ulcer. Elevated values (SGOT: 52 units, SGPT: 110 
units) were demonstrated in one case. This was perhaps due to 
hepatic anoxia caused by massive hemorrhage, and aspect of bleed- 
ing ulcer to which LeVeen ef al. (9) devoted attention. 

Shock. — SGOT was determined in 5 cases of postoperative 
shock in which the shock condition was protracted (3 patients 
died); it was elevated in 4 of the cases (values 42, 46, 60, 78 units). 
In 3 cases, SGPT also was determined, giving the values 7, 12 and 
50 units. 

Collagen Diseases. — A increase in the SGOT level was demon- 
strated in 3 patients with collagen disease. The SGOT was 56 units 
in a case of systemic lupus erythematosus, 46 units in a patient 
with dermatomyositis and 156 units in a patient with an uniden- 
tified connective tissue disease. In the last-mentioned case SGPT 
was also determined (16 units). 

Chronic Renal Insufficiency. — SGOT was 41 and SGPT 17 
units in a case of chronic renal insufficiency (non-protein nitrogen 


118 mg%). 


DISCUSSION 


The results show, in accordance with earlier reports (3, 5, 10, 16), 
that SGOT rises after myocardial infarction. It was obvious from 
the results that if the blood samples are not taken until three or 
more days after the onset of infarction SGOT may have returned 
to normal. This was shown by LaDue (10). The disadvantage does 
not arise with another enzyme serum lactic dehydrogenase the 
activity of which persists longer than that of transaminases (2, 11). 
The writers found that the SGPT value was under 30 units in 7 
out of 21 cases, but in all these cases it was only determined three 
or more days after the onset of the infarction. According to Chinsky 
et al. (4), elevated SGPT occurred in 9 out of 24 cases and according 
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to Koskelo et al. (7) in 6 out of 15 cases. Consistent with earlier 
findings, the SGOT level rise considerably higher than the SGPT 
in the present investigation. In the cases in which SGPT rose above 
normal it did not follow that SGOT was the minimum of 150—200 
units reported in an earlier investigation (16). The C-reactive protein 
test proved roughly as sensitive as the transaminase determinations 
for the diagnosing of myocardial infarction and it remained positive 
for some time after the transaminase had returned to normal. 
The test must, however, be regarded as less specific than the en- 
zymatic reactions (10). 

No transaminase elevation was demonstrated in the angina 
pectoris patients of the series. In contrast to the finding in some 
earlier investigations (1, 14), SGOT was slightly above normal 
in one cardiac insufficiency patient. Chinsky et al. (3) noted a corre- 
sponding increase in transaminase in connection with pulmonary 
edema. Transaminase elevation occurred in one case of cardiac 
arrythmia in correspondence with earlier investigations (3). SGOT 
may be elevated in rheumatic fever, although not regularly (13); 
elevated transaminase levels were seen in one rheumatic fever 
patient of the present series. The SGOT level (100 units) of the 
endocarditis lenta patient was obviously attributable to multiple 
infarction in different organs. 

In virus hepatitis SGPT rose higher than SGOT, confirming 
earlier observations (2, 4). SGPT, however, was not markedly 
higher than SGOT and both transaminase values were considerably 
above normal in all the cases. According to the findings in hepatitis, 
the transaminase elevation may continue long after the disappear- 
ance of the icterus. Compared with the elevation in transaminase 
due to biliary obstruction, hepatitis generally caused a much greater 
increase in transaminase, an observation which was of importance 
for differential diagnosis in individual cases. In connection with 
cirrhosis of liver SGOT was higher than the SGPT value, in agree- 
ment with previous investigations (16). In acute biliary obstruction 
SGPT rose higher than SGOT. 

SGOT rose more often and higher than SGPT in some miscel- 
laneous diseases, viz. grave infection, necrosis of the limb, muscular 
contusion and chronic renal insufficiency, SGOT was found to be 
elevated in dermatomyositis and systemic lupus erythematosus 
cases. This finding was consistent with those of Moragas et al. (12). 
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SUMMARY 


Serum transaminase determinations were made on a total 
of 184 patients. In cases of myocardial infarction the elevation 
of both transaminases was generally consistent, though SGOT 
rose considerably more than SGPT. C-reactive protein seemed as 
sensitive as these enzymatic reactions for diagnosing myocardial 
infarction although it was obviously less specific. The material 
also showed that transaminase values may return to normal in 
myocardial infarction within three days of the onset of the in- 
farction. In virus hepatitis both transaminases rose extremely 
high, SGPT generally higher than SGOT. These enzymatic reactions 
persisted at a high level for a long time in hepatitis. In cases of 
chronic liver damage, on the other hand, SGOT showed a slightly 
more distinct rise than SGPT. In acute biliary obstruction SGPT 
was more sensitive than SGOT. In this group of diseases the trans- 
aminase activity was lower than in hepatitis, which may be an 
aid to differential diagnosis. SGOT activity was often above nor- 
mal in a number of miscellaneous diseases and whenever SGPT 
was elevated the SGOT value rose considerably higher. Hence it 
would seem that SGPT is more specific than SGOT and that elevated 
SGPT levels occur chiefly only in heart, hepatic and biliary dis- 
eases. The parallel determination of these two serum transaminases 
may have a clinical significance in many problematic cases. 
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AFFINITY OF THE L.E.-FACTOR FOR SEVERAL 
COMMERCIAL DEOXYRIBONUCLEIC ACID 
PREPARATIONS 


by 
R. MAKITALO and E. J. JOKINEN 


(Received for publication May 12, 1958) 


Miescher and Strassle (1) reported a serological method of 
determining the L.E.-factor in serum. It is based on the property 
by which L.E.-serum causes the agglutination of tanninized sheep red 
cells coated with DNA in a higher titre than is the case with mere 
tanninized cells. This proved the affinity of L.E.-factor for DNA, a 
fact already demonstrated by other methods (2). 

No mention has so far been made in the literature concerning 
any success in reproducing these results; on the contrary, Killman (3) 
reported the failure of efforts to this effect. 

In trying to employ the method as a diagnostic medium it was 
found that of five commercial and one self-made DNA preparations 
only one gave a positive result when testing with reliable L.E.-sera. 
The other five always gave a negative result in spite of repeated 
assays. 

This report tries to account for the factors responsible for the 
differing behaviour of the preparations. 


MATERIAL AND METHODS 


Attempting to repeat Miescher’s and Strassle’s results, five sera 
were studied which had been obtained from definite cases of syste- 
mic lupus erythematosus and all of which readily gave a positive 
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result with one commercial DNA preparation.! The sera of 30 
healthy persons in all of which the reaction was negative served as 
controls. 

The reaction could not be produced with four other commer- 
cial preparations? and with our DNA preparation from thymus 
according to Mirsky et Pollister (4). | 

To find out the reason for the difference in behaviour of the DNA 
preparations, the following serological, inorganic, optical and 
chromatographic analyses were performed for all the preparations. 

The serological titre determinations to establish the L.E.-factor 
were made by the passive hemagglutination technique reported by 
Miescher and Strassle (1). Table 1 gives the results obtained when 
using different DNA preparations. 

Inorganic Analyses. — A quantitative phosphorus determina- 
tion was made of each DNA preparation using the Berenblum- 
Chain microdetermination method (5), and a quantitative nitrogen 
determination by the Micro-Kjeldahl method (6). The N/P ratio 
was calculated from the values obtained. Table 2 gives the results. 

Optical Analyses. — The ultraviolet absorption analyses of 
each DNA preparation were made from a suitable dilution at 
pH 7.0. The maximum and minimum absorption wave lengths 
were established and the maximum and minimum extinctions in 
them determined (log. [,/I). The atomic extinctions with respect to 
phosphorus were calculated from the following formula (7): 


30.98 x E 
e(P) = oo 
in which E = extinction (log. I,/l), c = concentration of phos- 
phorus in the solution in g per litre and 1 = thickness of the 
absorbing layer in cm. The ultraviolet spectrophotometer used was 
a Zeiss P M Q II. Table 3 gives the optical results. 

Chromatographic Analyses. — To find out the degree of purity of 
the DNA preparations each of them was analysed by the paper 


1 Commercial DNA (herring sperm), Mann Assayed Biochemicals. 
2Commercial DNA I _ (herring sperm), L. Light & Co. Ltd. 

Commercial DNA II (thymus), L. Light & Co. Ltd. 

Commercial DNA I _ (sperm), Nutritional Biochemicals Corporation 


Commercial DNA II (sperm), Nutritional Biochemicals Corporation 
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chromatography method, using the following solvent systems: 

(8, 9). 

(1) n-butanol — 1 N ammonia: (7/1), ascending technique, 24 hours, 

20°C. 

(2) phosphate buffer, 0.1 M, pH 6.8 — ammonium sulphate — 
n-propanol: 100/60/2, ascending tchnique, 10 hours, 20°C. 

(3) Ethanol — ammonium acetate 1.0 M, pH 7.5: (7/8), ascending 
technique, 24 hours, 20°C. 

(4) Isobutyric acid — conc. ammonium hydroxide — water: 66/1/33, 
pH 4.5, ascending technique, 24 hours, 20°C. 

The nucleic acid preparations were dissolved in the buffer, pH 
7.0. The stock solution was 0.5 per cent. Spot 20 ul. Known purine 
and pyrimidine bases (Krishell) and nucleosides (Pabst) were used 
as controls. In the hydrolysis of the nucleic acids the technique 
reported by Marshak and Vogel was employed (10). After the 
perchloric acid hydrolysis the hydrolysate was neutralised and 
pipetted onto paper in quantities of 10 ul. The chromatography 
paper used was Whatman No. 1 and it was not pretreated in any 
way. The chromatograms were developed by the technique described 
by Markham and Smith (11). An example of this type of printing 
is shown in Fig. 1. 


RESULTS 


Table 1 gives the serological titration results of tests made to 
reproduce the results reported by Miescher and Strassle in establish- 
ing L.E.-factor by the hemagglutination method. Of the DNA 
preparations used, only one (DNA — Mann Assayed Biochemicals) 
gave a positive agglutination reaction when examined against 
five definite systemic lupus erythematosus sera. None of the 
other five DNA preparations available gave a positive result. Of 
the DNA preparations, not a single one gave a positive result against 
sera of healthy individuals. 30 such sera were studied. 

Table 2 gives the results of the inorganic analyses of all the 
DNA preparations. The DNA preparation which gave a positive 
agglutination reaction differed from the others in its high N/P. 

Table 3 gives the results of the optical analyses for all the DNA 
preparations. The preparation which gave a positive agglutination 
reaction differed slightly from the others in regard to its optical 
constants. 
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TABLE 1 


RESULTS OF SEROLOGICAL TESTS WITH VARIOUS DNA PREPARATIONS 


















































DNA Passive Hemagglutination Test 
No. Systemic Lupus Erythematosus Sera Normal Sera 
Preparation ] ; . 
1a iI | Iv Vv VI—XXXV 
| | 
1. |DNA from calf | 
thymus (Mirsky | 
et Pollister) — nee —_—_\ij—-— = — 
2. |DNA I Light | | 
Se en a on a aa 
3. | DNA II Light/ | 
; &Co..J — | — |) — |} —|] — _ 
4. |DNA INBC..| — | — | — | — | — — 
5. |DNA II NBC..; — | — | — |] —] — — 
ee ee ee eo - 
7. | DNA MAB | | 
hydrolyzed — _— |) —}- — — 
TABLE 2 
RESULTS OF INORGANIC ANALYSES OF VARIOUS DNA PREPARATIONS 
No. Preparation P% N% N/P 
4. DNA from calf thymus 4.8 7.9 1.64 
2. DNA I Light & Co 9.6 14.6 1.52 
3. DNA II Light & Co 7.9 13.8 1.73 
4. DNA _ I NBC 8.7 12.9 1.48 
5. DNA II NBC 7.9 12.9 1.63 
6. DNA MAB 6.2 14.8 2.39 























Fig. 1 gives the results of the chromatographic analysis of all 
the DNA preparations used in solvent 1. Small-molecular degrada- 
tion products and impurities appeared in the preparations of Light 
& Co. When solvents 2, 3 and 4 were used, impurities were brought 
out in the NBC preparations too. The DNA preparation which gave 
a positive agglutination reaction proved faultless in all the solvent 
systems. When this preparation too was hydrolysed to the purine 
and pyrimidine base stage it ceased to give a positive agglutina- 
tion reaction. 

The results obtained hardly provide any definite cause. Work 
continues to illuminate further the phenomenon observed. 
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TABLE 3 


RESULTS OF ULTRAVIOLET ABSORPTION MEASUREMENTS OF VARIOUS DNA 
PREPARATIONS 








DNA Optical Density 





No. 
Preparation | Amax.| Amin. | Emax. | Emin. | e(P)max. | ¢(P)min. 





1. | DNA from calf 
thymus......| 259 231 | 1.000 , 0.435 7.175 3.125 
2. | DNA I Light 
& Co..! 260 230 | 1.000 | 0.400 7.175 2.824 
3. | DNA II Light 
& Co..} 260 230 | 1.000 | 0.400 7.848 3.110 
4. | DNA I NBC..]| 260 230 | 1.010 | 0.395 7.200 2.770 
. | DNA II NBC..| 260 230 | 1.000 | 0.395 7.848 3.100 
6. | DNA MAB..| 260 231 | 1.015 | 0.600 8.470 5.000 



































Fig. 1. — Ultraviolet print showing a chromatographic analysis of various 
DNA preparations. 


No. 1. DNA from calf thymus. No. 2. DNA I Light & Co. No. 3. DNA II 

Light & Co. No. 4. DNA I NBC. No. 5. DNA II NBC. No. 6. DNA—MAB. 

No. 7. Perchloric acid hydrolysis of DNA—MAB. Solvent: n-butanol — am- 

monia: (7/1); 20 hrs; 19°C; ascending technique. Spot: 20 yl of 0.5 per cent stock 
solution pH 7.0. 
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SUMMARY 


Six deoxyribonucleic acid preparations were used for the sen- 
sibilisation of tanninized sheep red cells. It was found that one 
of them only produced hemagglutination in definite systemic lupus 
erythematosus sera. 
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OCCURRENCE OF DEOXYRIBONUCLEIC ACID IN THE 
SECRETION OF AN INFLAMED VERMIFORM APPENDIX 


by 
R. MAKITALO and V. JAASKELAINEN 


(Received for publication May 12, 1958) 


In the investigation of inflammatory secretions different methods 
have been used to estimate the deoxyribonucleic acid (DNA) in 
the dead or perishing parenchymal cells of the necrotic of inflamed 
tissue and in leucocytes. With a colorimetric method it was possible 
to determine quantitatively DNA in expectorations of patients 
suffering from acute or pulmonary abscess (1). The spectrophoto- 
metric ultraviolet analysis was also used fgr the same purpose when 
studying the sputa of patients suffering fr§m tuberculosis, bronchi- 
ectasis and pulmonary cancer (2). Although the-methods differed, - 
the daily and average values obtained fof,DNA in the sputa of 
patients suffering from pulmonary tuberculosis were about the 
same. DNA estimations have also been made from samples of 
tuberculomata in lungs (3). In these cases the biochemical analysis 
correlated well with the clinical and X-ray picture. 

In assessing the DNA secretion of the appendix it is essential to 
collect as much of the secretion as possible. The aim of the present 
authors was to investigate whether the differences observed in the 
local status of the inflamed appendix can be correlated with the 
DNA values and whether there is a correlation between the latter 
and other clinical findings and laboratory tests. 
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MATERIAL 


The series comprised 74 appendices removed at different stages 
of inflammation and, as controls, 34 in which no macroscopic signs 
of inflammation were observed. The stages of inflammation were 
divided into three groups by the surgeon. No histological examina- 
tion was performed. Table 1 shows the material distributed accord- 
ing to age, sex and the finding at the operation. 


TABLE 1 


THE SERIES DISTRIBUTED BY AGE, SEX AND DIAGNOSIS 

















No nee Acute Inflammation 
Inflammation 
App. Ac. | App. Ac. Male 

Age App. ‘ 2 App. Ac. 

Chronica | Normal |Catarrha-) Gang- | perforata} 274 | All 
lis renosa Female | Cases 
SCIiVvisgi*stisi*Fti¢iP<igdis<ié ig 
1—10 1 2 1 2 1 1 4 4 8 
11—20 1 2 | 10 4 1 71 11] -18 
21—30 1 1 6 2 9 5 1 10 | 18} 28 
31—40 2 2 8 2 6 5 9| 16] 25 
41—50 2 1 5 3 1 1 3 1 6} trl ay 
51—60 1 2 1 4 2 6 8 
61—70 1 1 1 1 2 3 
71—80 1 1 1 
Male and 

female] 4 4 4} 22 | 13 | 29 | 17 | 12 1} 2] 39 | 69} 108 


















































All cases} 8 | 26 | 42 | 29 3 108 





All of the patients were given a normal clinical and laboratory 
examination. The SR, leucocyte count and the presence of C-re- 
active protein as well as the axillary and rectal temperatures were 
followed. The duration of abdominal pain in hours was taken as the 
criterion for the duration of the illness. Abdominal pain lasting for 
over 3 days was disregarded. The secretions of operated non- 
inflamed appendices were examined to obtain control material. The 
control cases were not correlated with the clinical investigations or 
the laboratory findings. 
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METHOD 


The appendix was resected near its proximal end and placed 
unopened in a Petri dish. The adipose tissue and the mesenteriolum 
were removed and the preparation was opened by the surgeon. 
Special care was taken not to loss any of the secretion. All the 
operations were performed at the same hospital. 

The secretion was prepared according to Mirsky and Pollister (4). 
Generally, the pretreatment was performed immediately at the 
hospital laboratory, and in no case later than 24 hours after surgery. 
Meanwhile the preparation was kept in a refrigerator. The secretion 
was rinsed out of the opened preparation with solution containing 
0.1 M NaCl and 0.05 M sodium citrate. Then the washed appendix 
was weighed. After this, the fecaliths were carefully rinsed out of 
the secretion and the tube was centrifuged at 3 000—4 000 rpm. 
The supernatant was removed and the precipitate dissolved in 
1 M NaCl solution. The tubes were incubated for 24 hours at room 
temperature. During this time the secretion was taken up by the 
solution, which became viscous. The final volume of the solution 
was about 0.5—3.0 cc. 

In further treatment the NaCl solution was purified for spectro- 
photometric analysis. If the pus did not dissolve completely more 
of the 1 M NaCl solution was added. Deproteinisation was performed 
by adding equal amounts of a mixture of chloroform-octanol (3 : 1). 
The emulsion was mechanically shaken for 1—2 hours and then 
centrifuged at 5 000—6 000 rpm. The emulsion settled in three 
layers, of which the uppermost contained the Na-salt of deoxyribo- 
nucleic acid as a slightly opalescent and viscous layer. If this layer 
did not clarify, ultracentrifuge (up to 15 000 rpm) was used (Spinco). 
The spectrophotometrical analysis was made from a suitable dilu- 
tion of the layer containing the Na-salt of deoxyribonucleic acid 
(Zeiss P M Q II). The absorption spectrum was determined between 
220—310 my using 5 my intervals, and the maximum and minimum 
regions were observed at smaller intervals. As a blank, 1 M NaCl 
solution was used, treated in the same way with a mixture of 
chloroform-octanol as the actual sample. The maximum of absorp- 
tion. was generally observed between 255—265 muy; if this was not 
found, the deproteinesation was repeated. If, in spite of this, no 
maximum was observed the sample was discarded. That occurred 
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roughly in 15 per cent of the cases. The regions of minimal absorp- 
tion varied considerably. The concentration of the Na-salt of de- 
oxyribonucleic acid was calculated from the maximal extinction 
with the aid of a calibration curve. Table 2 gives the total amount 
of sodium deoxyribonucleate in mg. Table 4 gives the relative 
value of DNA in mg per weight unit (mg) of the preparation. 

In some experiments an additional attempt was made to elu- 
cidate the sources of error in the isolation methods and to identify 
approximately the nature of the substance dissolved in M NaCl. To 
this end, the removed supernatant was analysed prior to the incu- 
bation with 1 M saline. Apparently, in the case of gangrenous 
appendicites containing much pus, the supernatant contained 
traces of deoxyribonucleic acid, which absorbed at 260 mu. In 
the other groups no such loss was observed. The qualitative di- 
phenylamin reaction of Dische was performed with some of the 
samples. Usually it was positive. The fraction which was believed 
to contain the Na-salt of deoxyribonucleic acid was digested with 
crystalline deoxyribonuclease (Wortington Biochemical Corpora- 
tion, 1 x cryst), which caused a rise of extinction at 260 my. No 
optical change was produced with ribonuclease digestion. The rise 
in extinction was not great when digesting with DNase in relation 
to tests performed with commercial DNA in similar conditions 
without an NaCl milieu. However, the optical change was of the 
same order if commercial DNA was digested with the same enzyme 
in the same NaCl concentration. A pronounced NaCl milieu probably 
inhibits the reaction considerably. 

The hypothesis advanced on the basis of these control tests is 
that the substance isolated is Na-deoxyribonucleate which has 
been isolated by using the technique mentioned. More accurate 
analyses have not been performed and the nucleic acid itself has not 
been isolated by precipitation. Nor has the polymerization degree 
of the substance in question been determined. 


RESULTS 


Table 2 gives the mean values in mg of the total deoxyribo- 
nucleic acid found in the purulent inflammatory secretion of the 
appendix. These values are also classified according to age, sex and 
diagnosis. The values give the Na-deoxyribonucleate content in 
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TABLE 2 


DNA ANALYSIS VALUES IN MG DISTRIBUTED BY AGE, SEX AND DIAGNOSIS. THE 
VALUES REFER TO THE MEANS OF THE CASES GIVEN IN Table 1 
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No Acute Inflammation Acute Inflammation 
App. App. Ac. App. Ac. App. Ac. 
Age Chronica oesienres Catarrhalis |Gangrenosa| Perforata 
SIS LS LS Hi eié le Lars 
1—10 0.46 0.35 | 0.76 | 0.96 | 0.76 0.22 
11—20 0.04 0.79 | 0.25 | 3.92 | 2.24 
21—30 0.25 0.58 | 0.38 | 0.56 | 0.25 | 3.38 | 1.70 | 0.32 
31—40 0.32 | 0.64 | 0.51 | 0.15 | 0.96 | 1.70 
41—50 0.23 | 0.75 0.26 | 0.35 | 0.65 | 1.60 | 2.98 0.75 
51—60 0.38 | 0.45 | 3.18 3.51 
61—70 0.44 0.44 0.15 
71—80 0.22 
Male and 
female 0.29 | 0.46 | 0.47 | 0.39 | 0.43 | 0.56 | 2.62 | 2.59 | 0.32 | 0.49 
All cases 0.37 0.41 0.52 2.61 0.43 
TABLE 3 


THE WEIGHT IN G OF THE PREPARATIONS DISTRIBUTED BY AGE, SEX AND 
DIAGNOSIS. THE VALUES ARE MEANS OF THE CASES GIVEN IN Table 1 





No Acute Inflammation 


Acute Inflammation 












































App. . App. Ac. | App. Ac. App. Ac. 
Age Chronica Normal Catarrhalis | Gangrenosa} Perforata 
3 2 re) ? 3 2 3 2 3 2 
1—10 2.10 2.10 | 1.70 | 2.60 | 2.00 3.30 
11—20 1.70 3.10 | 2.78 | 5.23 | 4.40 
21—30 2.50 3.30 | 4.42 | 3.75 | 2.90 | 3.88 | 6.03 | 4.00 
31—40 3.50 | 4.50 | 3.00 | 2.65 | 2.98 | 6.72 
41—50 1.95 | 5.10 2.66 | 2.97 | 4.70 | 3.00 | 5.43 7.60 
51—60 4.70 | 2.50 | 6.30 6.75 
61—70 3.50 2.60 3.50 
71—80 2.80 
Male and 
female 2.48 | 3.55 | 3.50 | 3.36 | 2.85 | 3.02 | 6.61 | 5.65] 4.00] 5.45 
All cases 3.01 3.38 2.97 6.21 4.97 
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TABLE 4 


DNA ANALYSIS VALUES (MG OF DNA PER MG OF WEIGHT UNIT OF THE PREPARA- 
TION X 10-5), CLINICAL OBSERVATIONS AND LABORATORY EXAMINATION 
RESULTS DISTRIBUTED BY DIAGNOSIS DISREGARDING AGE OR SEX 

















Mg of DNA Duration 
Macro-anatomical |Number) per mg of Fever of SR |Leuco-| C-reac. 
: : of Weight Unit), ‘ cyte 
Diagnosis “ Tax/Trect|/Abdominal] mm/hrs| , 
Cases |of Prepara- ‘ Count !Protein 
; = Pain (hrs) 
tion x 10—9 
No acute |App. 
inflamma- |Chronica 8 12 
tion Normal 26 . Fe | ae 

App. ac. 

Catarrhalis 42 18 37.1/37.6 27 % 14 |10.400 
ee App. ac. ea 
ne amma-|Gangrenosa| 29 42 37.4/37.8| 21 % 21 | 13.200 
ion ————~—~--|-~~--~-]-~----~---~-]-—------}]-----—~-|------- ————-}-~—.<- 

App. ac 

Perforata 3 9 37.7/38.6 64 





























mg of the purulent inflammation secretion washed from the mucous 
membrane of the appendix. The values are means of the cases given 
in Table 1. 

Table 3 indicates the weights in g of the preparations from 
resected appendices. These values are also mean values calculated 
from Table 1. 

Table 4 contains the relatives of DNA in mg per weight unit 
(mg) of the preparation, divided into five diagnostic groups. They 
are mean values, independent of age and sex. In the same table are 
given the mean values of the duration of abdominal pain, of the 
axillary and rectal temperatures, SR, leucocyte count per mm’ and 
C-reactive protein. 


DISCUSSION 


The writers studied the secretion of the inflamed and normal 
appendices of 108 patients. An attempt was made to concentrate 
and purify from this material the Na-salt of deoxyribonucleic acid 
by using 1 M solution of NaCl. For the evaluation, the preparative 
technique of Mirsky and Pollister was adopted. The degree of poly- 
merization of the substance in question was not determined, but 
the nature of the substance was studied in some experiments. 
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The series was divided into four groups by the stage of inflam- 
mation — one group containing the non-inflamed appendices. The 
amount of DNA in relation to the weight of the appendix was lower 
in the group of perforated appendices than in the control group, 
probably due to the discharge of pus into the abdominal cavity. 
The corresponding values for slightly inflamed appendices show a 
small rise compared with the control group. But the amount of 
DNA in the group of acute, gangrenous appendicites is about four 
times that of the control group. 

Distribution of the mean values according to sex or age elicited 
no noteworthy differences. Nor were differences observable between 
them when the results were classified by age classes at 10 year 
intervals. Distribution of the series into two age groups with 30 years 
as the dividing line elicited no essential difference between old and 
young persons. The series, however, was too small to permit con- 
clusions from these classifications. 

The clinical observations and laboratory tests showed that the 
length of the disease was 27 1% hours in acute catarrhal inflamma- 
tion. In acute, gangrenous inflammation the corresponding time 
was 21 % hr. The time refers to the period between the start of the 
abdominal pain as reported by the patient and the operation; in- 
definite abdominal pain lasting for over 3 days was not taken into 
consideration. The time difference agrees with clinical experience. 
The question may possibly be a difference in infection in the dif- 
ferent groups. Secondly, it is possible that an intestine which has 
recovered from an earlier, mild inflammation but has sustained 
damage reaches the gangrenous stage more rapidly than an intact 
gut. 

The means of the temperature readings of the different diagnostic 
groups showed correlation. There were too few cases of perforated 
appendicitis for the values to have any significance. 

Laboratory tests performed included SR, leucocyte count and 
the determination of C-reactive protein of the catarrhal and 
gangrenous patients of the writers’ series. The corresponding 
differences were established. No averages were calculated for the 
results of the laboratory examination of the perforated appendicitis 
cases owing to the smallness of the series. 
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SUMMARY 


The secretion of 108 normal and inflamed appendices was 
studied. The amount of Na-salt of deoxyribonucleic acid in the 
secretion was measured, after concentration and purification of the 
DNA, by a spectrophotometric technique. 

The quantitative analytical values vary in correspondence with 
the degree of inflammation. About four times as much Na-salt of 
deoxyribonucleic acid per weight unit of the appendix was isolated 
from a gangrenous appendix as from a non-inflamed appendix. The 
relative values for nucleic acid correlate with clinical observations 
and the results of laboratory tests, which were performed simultane- 
ously. 
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HELSINKI 


REACTIONS OF PLANT ANTI-N.AGGLUTININS WITH RED 
CELLS TREATED WITH PROTEOLYTIC ENZYMES 


by 
O. MAKELA! and TUULA HAUTALA 


(Received for publication May 12, 1958) 


M and N blood group receptors seem to be destroyed when 
human red cells are treated with proteolytic enzymes to that extent 
that is customary in the detection of incomplete antibodies. Enzyme 
treated red cells are agglutinated by anti-M and anti-N weakly or 
unspecifically. This has been demonstrated using rabbit immune 
sera (8, 7, 6, 2) and human immune sera (1). Similar observations 
have been made with regard to plant anti-N agglutinins (4). Fur- 
thermore, it has been found that enzyme treated cells absorb rabbit 
anti-M and anti-N agglutinins hardly at all (6). 

The aim of this work was to throw further light on the reactions 
of enzyme treated red cells with vegetable anti-N agglutinins. 


MATERIAL AND METHODS 


Agglutinin Solutions. — The seeds of three plant species were examined. 

Vicia graminea Sm. contains an anti-N which acts best of all in saline 
medium (5). Because the quantity of seeds available was extremely small 
the work was carried out using a solution obtained by extraction of the 
seed powder with saline (weight ratio 1 to 80) at 37° for 2 hours. 

Vicia leganyana Rap. et Leng. contains an anti-N which is masked by a 
strong unspecific saline agglutinin common to most Vicia species. The un- 
specific agglutinin unlike the anti-N is inhibited by normal human serum and 
by some sugars e.g. glucose (4). For this reason agglutination and absorption 


1 Aided by a grant from the University of Helsinki 
22 — Ann. Med. Exp. Fenn. Vol. 36. Fase. 3. 
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experiments of this extract were performed in a medium containing 0.9% 
NaCl and 5% glucose. The seed powder was extracted with 9-fold quantity 
of saline at 37° for 2 hours. From the extract the agglutinins were enriched 
by means of ammonium sulphate precipitation at 4°. The precipitate which 
was obtained by 33% saturation was discarded after which ammonium 
sulphate was added to make a 50% saturation. The resulting precipitate 
was dissolved to such a quantity of saline as was double the initial quantity 
of the seed powder. This was followed by dialysis against saline and cen- 
trifugation; the supernatant was used in such. 

Bauhinia purpurea L. (4). The seeds were ground. Subsequent extrac- 
tion of the powder with ether yielded a quantity of oil equal to approx. 
15% of the initial weight. This was discarded. Extraction with saline and 
precipitation with ammonium sulphate followed as above. 

Treatment of Red Cells with Enzymes. Trypsin. — One volume of trypsin 
stock solution (1% solution of Trypsin 1/250 DIFCO, stored at —20°C for 
not more than 14 days) was added to four volumes of 0.1 M phosphate buffer 
pH 7.7; this solution was made afresh each day. To four volumes of this 
solution was added one volume of thrice washed packed cells and the 
mixture was kept in a 37° water bath for 20 minutes. The cells were sepa- 
rated and washed once. 

Papain. — One volume of 1% papain stock solution [prepared from 
Papain BDH according to Léw (3)] was added to seven volumes of 0.1 M 
phosphate buffer. To four volumes of this solution (freshly diluted each 
day) was added one volume of washed packed cells. After 10 minutes 
incubation at 37° the cells were separated and washed once. 

The M and N cells treated with the enzymes had the antigen D, and 
they were strongly agglutinated by an incomplete anti-D but were not 
agglutinated by any of the AB sera examined. 

Procedure in Titrations and Absorptions. — Titrations of the extracts 
were made in bulk in saline before distributing 0.05 ml volumes to the 
agglutination tubes with a Pasteur pipette. Equal amounts of 3% red cell 
suspensions were added and the tubes were allowed to remain at room tem- 
perature (19—21°) for 1 to 2 hours. The results were read with the naked 
eye after 1 minute’s centrifugation. 

The absorptions were carried out at room temperature. For each absorp- 
tion the volume of packed cells was equal to that of the extract. 


RESULTS 


The results from the agglutination tests are given in Table 1. 
All the extracts failed to agglutinate enzyme treated red cells 
selectively in NaCl milieu. The extract of Vicia leganyana reacted 
unspecifically also with untreated cells in NaCl milieu. This un- 
specific agglutination was, however, inhibited if the final mixture 
contained 0.9% NaCl and 5% glucose. In such a medium untreated 
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TABLE 1 


THE EFFECT OF ENZYME TREATMENT OF RED CELLS ON THEIR INTERACTION WITH 
ANTI-N SEED EXTRACTS 





Agglutination Titres 





Interaction Cells Cells Treated with 
Untreated) Trypsin | Papain 








Vicia graminea.v. M cells .............. _ 64 
» » Pie Pu GUS rac, ai oie ithe aerate cera 32 64 

Vicia leganyana v. M cells.............. 64 256 256 
» » Dy US SS 26754) hss olla iw od 64 256 256 


(saline medium) 
Vicia leganyana v. M cells.............. — — — 
» » OMIM OGM B era ele nisin! tis 16 — —- 
(final solution contains 0.9% NaCl and 

5% glucose) 
Bauhinia purpurea v. M cells .......... —_ 256 256 
» » Di INORG 62S oicisiste ols 32 256 256 




















TABLE 2 


THE ABILITY OF UNTREATED RED CELLS, AND OF THOSE TREATED WITH PAPAIN, 
TO ABSORB VEGETABLE ANTI-N 








Agglutination Titres after Successive Absorptions with 








Cells Used N Cells M Cells 
in the . ; re ; 
Agglutination Untreated reated with Untewnted ~— with 
(Untreated) Papain apain 


x0 x1 <2 K3IxO0 x1 x2 x8ixO xi x2? x3IxO0 MT XA MS 





Extract of Bauhinia Purpurea 




















M —- -—- F— Hr Oe a Oa ae a Oe 

i N 32 8 2 1;/ 32 32 32 16) 32 16 8 4) 32 32 32 8 
Extract of Vicia Leganyana 

M —- — — Hr FF FF SH ee er eh 

N 16 4 1 #—j; 16 16 16 16/16 8 4 1}16 16 16 16 





MN and N cells were agglutinated but not M cells or enzyme treated 
cells of any kind. The experiments were also conducted at the tem- 
peratures of +4° and +37° and the results were identical, by and 
large. 

Absorption Experiments. — The results are given in Table 2. It 
was found that, after three successive absorptions with untreated 
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N cells, the anti-N agglutinins of Bauhinia purpurea and Vicia 
leganyana were almost completely removed. The untreated M cells 
also absorbed these agglutinins even though clearly more weakly 
than the former did. Papain treated cells, on the contrary, did not 
much absorb anti-N agglutinins no matter whether they belonged 
to groups M or N. | 

The unspecific agglutinins of Bauhinia purpurea whose receptors 
were revealed by the enzyme treatment were not easy to remove by 
means of absorption regardless of the cells’ MN groups and whether 
they had been treated with papain or not. 

The behaviour of trypsin treated cells in absorption experiments 
was similar to that of the papain treated cells. 


DISCUSSION 


The results seem to indicate that the treatment of red cells 
by proteolytic enzymes destroys the receptors of plant anti-N 
agglutinins as it has been found to destroy the receptors of rabbit 
and human anti-M and anti-N. This fact supports the assumption 
that the receptor of plant agglutinin is identical with, or perhaps 
part of, the receptor of human and rabbit anti-N. 


SUMMARY 


It was found that red cells treated with papain or trypsin are 
agglutinated by plant anti-N agglutinins unspecifically or not at 
all. These agglutinins can be absorbed with untreated N cells and, 
to a smaller degree, with untreated M cells but not with enzyme 
treated cells irrespective of their MN group. 


Aknowledgement. — The writers wish to express their gratitude to 
Professor F. Ottensooser, Laboratério Paulista de Biologia, Sao Paulo, 
for Vicia graminea seeds. 
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THE KIDNEY AND ADRENAL CORTEX OF THE METHYL- 
ANDROSTENEDIOL TREATED RAT: 


HISTOLOGICAL AND HISTOCHEMICAL OBSERVATIONS } 


by 
H. ARKO and U. K. RINNE 


(Received for publication May 14, 1958) 


In recent years descriptions have been published on how a 
synthetic androgenic steroid, methylandrostenediol (MAD), in 
overdosage produces in sensitized rats a hypertension syndrome 
resembling that produced with DOC (13, 7, 4). Some investi- 
gators (13, 7) have stated that nephrosclerosis occurs in association 
with the syndrome, whereas others (4) did not make any such 
observations. The mechanism of origin of the MAD overdosage 
syndrome is thus at least equally obscure as is that of the exten- 
sively studied DOC syndrome (cf. e.g. 10, 5, 3). Therefore, there 
seemed to us to be reason to investigate the renal lesions that may 
come into existence during MAD administration, with special 
reference to some histochemically demonstrable enzymes which 
are stated to provide a sensitive reflection of the pathological cellular 
changes in the kidney (e.g. 15, 2, 13). Observations were made at 
the same time on the adrenal cortex, which may be involved in 
the mechanism (7). 


MATERIAL AND METHODS 


The Department’s own adult female albino rats of an unknown 
strain, altogether 32 animals, were used as experimental animals. 
They were divided into four groups of eight animals each, group I 
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being used as an intact control group, while the animals of group II 
were given MAD?) subcutaneously in a daily dosage of 10 mg per 
100 g.b.w., in group III unilateral nephrectomy was performed 
at the start of the test and its animals were given 1% NaCl solution 
for drinking water, and in group IV similarly unilateral nephrectomy 
was performed and 1% NaCl solution was administered as beverage, 
in addition to which these animals were injected subcutaneously 
with MAD 10 mg per 100 g.b.w. daily. 

The blood pressure was measured once a week, always on the 
same day of the week, by an indirect photoelectric method?) from 
the hind leg under slight ether anaesthesia. 

During the test two animals of groups II and IV died; moreover 
half of the animals in group II were exterminated on account of 
their poor condition when 6 weeks had elapsed since the start of 
the test. The other animals were killed after seven weeks. 

For histological investigation a piece was taken, upon weighing, 
from the right kidney and the adrenals were excised; the samples 
were fixed in 10% neutral formalin for 24 hours. The samples 
were stained according to the van Gieson stain and to the periodic 
acid-Schiff technique, except the other adrenal from which a lipoid 
staining was prepared with Sudan III. Another piece of the kidney 
was fixed in formalin for two hours and cut in the freezing micro- 
tome at 30 uw. The cuts were treated, for the demonstration of acid 
phosphatase, according to Gomori’s method as modified by 
Erank6 (1). Furthermore, cuts at 30 w were cut with the freezing 
microtome immediately upon extermination from the kidney piece 
for demonstration of succinic dehydrogenase activity. This was 
done by means of Seligman and Rutenburg’s method (8), using 
neotetrazolium as an indicator. 

Since manifestly strong anaemia was observed when the animals 
were killed, haemoglobin was moreover assessed, using Tallqvist’s 
scale. 


RESULTS 
General Observations. — After an MAD administration of five to 


six weeks the animals seemed to fall into very poor condition: 


1) The drug (»Neosteron») was kindly supplied by Organon, Holland. 
2) We are indebted to Prof. A. Pekkarinen, the Head of the Department 
of Pharmacology, Turku, for placing the instrument at our disposal. 
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TABLE 
. Body Weight — gm 
Group Treatment 

Initial Final %Gain 

I SUOMEMMNER Niclas ose Gk bd baw saa nas oo 189+5.1.} 204+ 5.7 + 8 

II EDO eee eas WS cus.e ae SES 189 +3.9 | 144+ 9.8 —24 
III Nefrectomized controls, 1% NaCl..| 188 +7.3 | 183+. 10.6 — 3 
IV MAD + Nefrectomized + 1% NaCl] 188+ 6.4 | 156+11.3 —17 








they became lean, did not move willingly but crouched in one 
place with hunched back, their hair cover had become scantier 
and acquired a greyish hue. A regular observation at the final 
stage was that of a conspicuous pallor of the animals in the MAD 
groups. The blood Hb estimates performed at the time of extermi- 
nation revealed strong anaemia in all individuals of the MAD groups 
(Table 1). During the later period of the test the nephrectomized 
rats with 1% NaCl solution as their drinking fluid seemed to endure 
the MAD treatment slightly better than the intact animals, part 
of which were already killed one week before the others on account 
of their poor condition. 

Blood pressure. — During the test period of six to seven weeks 
we could not observe in either one of the animal groups under MAD 
treatment any increase of the average blood pressure, although 
slightly elevated blood pressure was observable in a few indivi- 
dual animals. Only the intact MAD group showed a transient 
increase of blood pressure during the fifth week, after which the 
blood pressure tended to abate to a subnormal level, similarly 
as with the nephrectomized MAD group. 

Body and Organ Weights. — The initial and ultimate weights 
of the animals and the weights of their kidneys and adrenals are 
presented, by the test groups, in Table 1. 

In the intact and nephrectomy groups the weight increased 
slightly or remained unchanged, respectively. On the other hand 
the body weight decreased significantly in the MAD groups. 

The absolute weight of the kidneys as well as the adrenals 
increased significantly with the rats under MAD treatment (at 
P<0.01 level with the intact group, at P<0.001 level with the 
nephrectomized group calculated with the aid of Student’s t-test). 

Microscopical Findings in the Kidney. — The microscopical 
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Kidney Adrenals 
Hb% 
mg mg/100 gm. b.w. mg mg/100 gm. b.w. 
735+ 32.9 360 414.5 45.04 1.3 22.1+ 0.8 90 
959+ 51.0 666+ 21.4 78.8411.3 54.7+13.1 40 
989 +43.3 53° 412.1 47.3+ 4.3 25.84 2.4 90 
1446+ 64.4 927+ 38.5 83.0+ 5.1 53.2+ 5.5 50 








changes due to MAD were mild. The tubuli were distended, ob- 
viously due to hypertrophy, but otherwise essentially normal. 
In neither group under MAD treatment could any glomerular 
changes be observed with the van Gieson or PAS stain. In the 
animals of all groups PAS-positive cytoplasmic granules could be 
observed in some quantity in the distal convoluted tubules, although 
they seemed to be slightly more numerous in the MAD-treated 
groups than in the corresponding controls. The succinic dehydro- 
genase activity was essentially normal. The acid phosphatase 
activity in the outer zone of the medulla, where obviously the 
distal segments of the proximal tubuli are situated, was quite 
slightly lower with the test animals than with the controls. On the 
other hand the initial segments of the proximal tubuli showed 
a perhaps somewhat stronger phosphatase activity with the test 
animals. 

Microscopical Findings in the Adrenal Cortex. — The most 
conspicuous finding was the strong vacuolisation of the zona fascicu- 
lata and reticularis cells in the adrenal cortex of the MAD animals. 
Several vacuoles were so large that no cytoplasm was visible. Some- 
times the vacuoles had retained some contents which were strongly 
stained with PAS. Evidently: the vacuolisation was not due to 
fats since the zona fasciculata of the adrenal cortex of the MAD 
animals showed distinct depletion of sudanophilic fat droplets. 
In spite of the extension of the cortex, zona glomerulosa and the 
transitional zone appeared to be narrowed with the test animals. 
Sometimes hyperaemia or haemorrhages could be seen in the cortex 
of the MAD animals. 
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DISCUSSION 


MAD caused an increase of the weight of the kidney with the 
rats, which can probably be considered a renotropic effect characte- 
ristic of the testoids (9). With the exception of this remarkable 
hypertrophy of the kidneys, MAD did not produce any such changes 
in our series as might be expected if the hypertension produced 
by MAD in the experiments of other investigators (13, 7) were 
a consequence of renal lesions. Above all, the glomerules seemed 
to remain normal and no nephrosclerosis was observed although 
the dosage employed in our tests was higher than those stated in 
earlier reports. Correspondingly, we did not either notice any sta- 
tistically significant increase of blood pressure. The subnormal 
measure values obtained in the final stage of the test may be due to 
strong anaemia, which naturally may impede the obtaining of reliable 
pressure readings when an indirect, photoelectric method is used. 

The changes observed by us in the adrenals, the strong increase 
of weight, the lipid depletion, vacuolisation and possibly also the 
increase of PAS-positive colloid droplets have to be primarily 
interpreted, in our opinion, as a consequence of strong and prolonged 
stimulation of the adrenal cortex. The fatal decline of condition 
of the rats and the fact that the group with 1° NaCl solution for 
its drinking fluid seemed to endure the MAD overdosage slightly 
better is indicative of exhaustion of the adrenal cortex in the final 
stage. 

It is thus conceivable that the hypertension that may possibly 
be produced with MAD is not primarily renal of its character but 
rather extrarenal, and in particular dependent of the function of 
the adrenal cortex. This conception is supported also by the ob- 
servation that MAD does not cause hypertension in the adrenal- 
ectomized rat (7). It is astonishing to note the discrepancy bet- 
ween the adrenal weights (which are here the sole common indi- 
cation of cortical reaction) stated in earlier reports and our own 
results. It should be noted that in our tests the increase of weight 
of the adrenals was very great, whereas other authors report only 
a slight increase (13) or indeed a decrease in weight (12, 4). It seems 
that one has to assume the different type of react*on of the adrenal 
cortex to be a result of the different dosage and perhaps of the 
technique of administration. 
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The strong anaemia resultant upon chronic overdosage of MAD 
has not been mentioned before in the literature. With the testoids 
no such property has been observed, these latter rather displaying 
a haemopoietic effect (11). A statement has been encountered to 
the effect that MAD does not affect the haemoglobin values in 
human therapy (6). It is hoped that future investigations will 
reveal to what degree the anaemia observed in the present material 
can be correlated, e.g, to the adrenal cortical reaction. 


SUMMARY 


The effect of overdosage of seven weeks’ duration of methyl- 
androstenediol (MAD), a synthetic androgenic steroid, upon the 
kidneys and adrenals of the female rat have been investigated 
by histological and histochemical means. With MAD a distinct 
renotropic effect was observed. No significant increase of blood 
pressure was obtained with it either in the intact or in the sensitized 
group, nor could any such changes be observed in the kidney either 
by histological (van Gieson and PAS stains) or histochemical me- 
thods (acid phosphatase, succinic dehydrogenase) as renal hyper- 
tension would imply. 

In the adrenal signs were observed which were interpreted 
as resulting from excessive stimulation and exhaustion of the 
cortex. 

Furthermore, very strong anaemia was observed in the blood. 

It is thought that the mechanism of development of the MAD 
overdosage syndrome is extrarenal in the first place and that the 
adrenal cortex plays a central role in this mechanism. 
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Tunnetusti | 

korkeaa 
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| Kuvassa laboratorio 
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SPASMITIL 


tabl. 


Butylscopol. bromid. 0,01 
Papaverin. chlorid. 0,1 
Meprobamat. om 


Dos. 1-2 x 2-4 
Tabl. 20, 50, 100, 500 








SPASMOLYTICA NOVA 


a 


ASMI 


supp. 


Butylscopol. bromid. 0,01 
Papaverin. chlorid. om 
Amytalnatr. om 


Dos. 1-2 tarvittaessa. 


Supp. 5, 10, 50, 100 
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SPASMITIL tabl. 


INDIKAATIOT: 
@ Ruoansulatuskanavan, 
@ Sappiteiden ja 
@ Urogenitaalisysteemin 
spastiset ja dyskinesiatilat 
BUTYLSCOPOLAMIN — laukaisee spasmit parasympaattisen hermoston véli- 
0,01 tyksella. vaikuttamalla salpaavasti ganglioihin ja 


vahentaémalla silean lihaksiston reseptorien asetyl- 
koliiniherkkyytta. 


PAPAVERIN — vaikuttaa hermotuksesta_ riippumatta suoraan_ si- 

0,1 ledan lihakseen. Sen vaikutukset kohdistuvat voi- 
makkaimpina spastisiin supistuksiin. 

MEPROBAMAT — laukaisee psyykkisia ja fyysisia jannitystiloja ja vai- 

0,4 kuttaa taéten epasuoraan spasmolyyttisesti hermo- 


tettuihin elimiin. 


PROBATUM EST... 


Spasmitilia on BMP-141-nimisena kokeiltu n. vuoden 
ajan seka useilla sisdtauti-, kirurgisilla- ja gynekolo- 
gisilla osastoilla ettaé ambulatorisesti. Talldin on 
todettu, etta Spasmitil tabl. on seka sairaalakaytdssa 
etté ambulatorisesti tehokas laake kaikkiin vatsan 
alueella esiintyviin spasmeihin ja dyskinesioihin. 
Ainoana sivuvaikutuksena suuria annoksia kdaytet- 
téessd on ollut uneliaisuutta (n. 10 %:ssa tapauksia). 


ANNOSTUS 
Annostus riippuu tietenkin vaivojen suuruudesta. Yleensé on edullista aloittaa 


hoito suurilla annoksilla (2 tablettia 3—4 kertaa pdivassa), jotta tilaa usein 
komplisoiva circulus vitiosus voitaisiin katkaista. Annosta pienennetéan, kun 
vaikutukseen on paasty, mutta talldinkin on edullista ma&arata yoksi suurempi 
annos. Nain menetellaan varsinkin hoidettaessa ambulatorisesti potilaita, jotka 


tulevat Spasmitilin sisaltamaan meprobamaatin vaikutuksesta uneliaiksi. 


SPASMITAL supp. 


INDIKAATIOT: 

Sellaiset spastiset tilat, joissa Spasmitil tablettien kaytto ei ole mahdollista 
oksentamisen vuoksi tai muista syista tai joissa hypnoottisia vaikutuksia pide- 
taan suotavina. 

Spasmital perapuikossa on Spasmitil-tabletin meprobamaatti korvattu amy- 
taalilla. Valmistetta on kokeiltu_ kliinisesti BAP IIl-nimisena ja sillakin on 
todettu tehokas spasmolyyttinen vaikutus. 
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AINUTLAATUINEN 
| VALMISTE 
| MAAILMASSA 


kloramfenikoli stearoylglykolihapon  esterina, 
| jolla on seuraavat edut: 


| @ Sailyy kuivina rakeina useita vuosia 

@ Mauton, joten siihen vetta lisattaessa 
saadaan hyvanmakuinen suspensio 

@ Hajoaa helposti ruoansulatuskanavassa 

@ Imeytyy miltei taydellisesti 


CHLORAMPHEN VF PEDIATRIC SISALTAA MYOS B-RYH- 
MAN VITAMIINEJA 
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